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ABSTRACT
As the environmental technology aspects of hazardous waste
remediation projects
are becoming more innovative, the occupational health and safety aspects associated with
these projects have not kept pace. This study was designed to examine
a single,
long-
term remediation project's experiences with this dilemma. Although the project
employed a number of traditional strategies to abate occupational health and safety
hazards through most of its course, innovations concerning chemical protective clothing,
air monitoring/sampling equipment, and the management of physical hazards
at the last
and perhaps most dangerous site lead to some interesting results. These results suggest
that innovative yet practical solutions exist to improve occupational health and safety
performance on remediation projects, which is a lesson learned that projects of the future
should heed to achieve continuous improvement.
Key words: hazardous waste remediation, innovation, chemical protective clothing,
air monitoring and sampling, physical hazards
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DEFINITION OF TERMS
(AHA) Activity Hazard Analysis acronym used synonymously with Job Hazard
Analysis and Task Hazard Analysis, and refers to the programmatic evaluation of the
various steps in an activity, the identification of known of suspected hazards associated
with it, and the establishment of engineering, administrative or safe work practice control
measures to mitigate those identified hazards.
Consent Order a decree issued by a regulatory agency and agreed to by the regulated
party, whereby the latter agrees to comply with instructions set forth by the agency to
address a situation where the regulated party is in violation of some environmental law or
regulation.
(CPC) acronym for chemical protective clothing.
(GC) Gas Chromatograph an instrument that involves the separation of chemical
species by passing them through a column that enables the components to be held for
varying periods of time before they are detected and recorded.
(HASP) Health and Safety Plan acronym for the site-specific plans detailing
programmatic issues to be addressed during the remediation of a hazardous waste site as
per the HAZWOPER standard.
(HAZWOPER) Hazardous Waste Operations and Emergency Response acronym
for the general industry standard codified in 29 CFR 1910.120.
(HAZOP) Hazardous Operation internal terminology for a dual engineering and
health and safety assessment of a given activity that is heavily technical and/or
mechanical by design, thus requiring the integration of such considerations to address
both efficacy and safety concerns; used predominantly when the Process Safety
Management standard is applicable.
(PID) Photo-Ionization Detector an instrument used primarily for the identification
and semi-quantification of aromatic hydrocarbons and some inorganic gases and vapors,
with varying ultra-violet lamp intensities affecting its relative sensitivity.
(SOP) Standard Operating Procedure a set of instructions or steps someone follows
to complete a job safely, which meets compliance standards with no adverse impact on
the environment, while meeting production goals.
(WBGT) Wet Bulb Globe Thermometer an instrument used to measure the various
environmental factors that may contribute to heat stress hazards in workers.
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SECTION 1
Introduction
As the age of technology advances, and the global community of which we are all
a part continues to grapple with the occupational and environmental transgressions of the
past, present and future, the Environmental Health and Safety disciplines must continue
to keep pace. In the United States, a rigid, technology-based, command and control
regulatory infrastructure arose to inaugurate these disciplines over 30 years ago.
However, given today's changing economic and business climate, EH&S disciples need
to rethink the traditional strategies of their profession and develop innovative ways to
achieve continuous improvement (Castillo 34).
Of all the applications where these disciplines have and continue to play
important roles, the hazardous waste remediation industry in particular stands out
amongst all others. As the primary remedy to thwart the traditional, poster-child EH&S
transgressions like Love Canal, it has nonetheless endured repeated regulatory
refinements, as RCRA in 1976, CERCLA in 1980 and SARA in 1986, all contributed to
an ever increasingly prescriptive business arena. However, with the final refinement
arriving on March 6th, 1990, as the SARA-initiated OSHA HAZWOPER standard
became a final rule, an interesting relationship can be discerned (OSHA web site-1).
While the EPA has gone to considerable effort in revisiting previous records of decision
so as to evaluate new advances in remedial technology, and has even established a web
site to further this cause, it does not systematically consider the risks posed to workers
when deciding which environmental technology is to be employed during remedial
actions (Anonymous 1). Further, the most frequently ignored passage of the
HAZWOPER standard, by some accounts, is section (o) New Technology Programs,
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where OSHA requires employers to evaluate new innovations in technology in order to
best protect remedial workers (Moran and Lippy 4). Hence, as the relative significance
of the
"environmental"
aspects of remediation projects have evolved amidst this age of
technology and innovation, strategies for protecting the health and safety of remedial
workers have not kept pace (Moran and Lippy).
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SECTION 2
Description of the Problem
2T Rationale. Significance or Need for theWork
The development of innovative technological and managerial strategies to reduce
health and safety risks at hazardous waste sites have not kept pace with the development
of innovative remedial technologies. Therefore, in order for remedial actions to
effectively address those transgressions of the past amidst today's age of technology and
innovation, they must abate health and safety risks with the same innovative commitment
that environmental risks are effectively abated.
2.2 Statement of the Problem
The remediation industry is one charged with addressing a broad range of EH&S
transgressions while employing an interdisciplinary team of professionals. Given this
breadth and the certain trade-specific variability across the many related professions, the
keys to success in today's age of technology arguably rest upon a remedial team's ability
to capitalize upon this diversity. In doing so, a remedial team may better evaluate more
managerial and technological options, thereby employing both traditional and
"outside-
of-the-box"
EH&S strategies. And, with a number of pending environmental
transgressions yet to be addressed both locally and nationally, a study seeking to examine
the remediation industry's ability to modernize its strategic approach to health and safety
is warranted so as to help drive continuous improvement. In New York State alone,
while some 364 hazardous waste sites have been cleaned up and another 512 remediation
projects are underway, 902 sites, including Onondaga Lake in Syracuse and the majestic
Hudson River, still await remedial efforts (NYS DEC web site 5). Further, with some
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65% of all former commercial and industrial sites nationwide having some type of
environmental contamination, the Brownfield Remediation arena is certain to be a
stakeholder of any effective evaluation of the similar hazardous waste remediation
industry (Lorenz andMignery 1).
2.3 Interesting Aspect
At one particular manufacturing facility in New York State, a confluence of
factors places it within the spotlight of any examination of the hazardous waste
remediation industry's ability to improve its mission in light of this problem. The facility,
having been in operation since the late 1800's, could not escape similar transgressions
that posed threats to human health and the environment. As a result, it entered into a
binding agreement with the New York State Department of Environmental Conservation
in the late 1980's to initiate a remedial action aimed at cleaning up a number of
hazardous waste sites, which is only now reaching the final stages of completion.
Over the course of the near ten years that this facility has been addressing its
transgressions through remedial applications, it too has had to endure both internal and
external pressures to improve its EH&S mission amidst this era of radical change. As the
project's environmental technologies evolved from traditional in the earliest stages to
more novel in the latter stages, it has generally reflected the national trend moving toward
innovative environmental technology applications. The last major and perhaps most
dangerous remediation site serves as a case in point. Whereas the costly thermal or
chemical desorption technologies had been originally prescribed, the facility and state
regulators were able to revisit the consent order and amend the prescribed technology
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choices in favor of a more cost-effective and innovative solution. Similarly, the earliest
strategies employed for protecting remedial workers were equally traditional,
and
founded predominantly upon compliance with the HAZWOPER standard. And, while
innovative strategies for better protecting those workers never quite gained the
same
attention that the environmental technologies were given, again reflecting the national
trend, this last site provided the remedial team with the opportunity to depart from this
trend.
Hence, as this departure reflects the abatement of health and safety risks with the
same innovative commitment that a project abates environmental risks, an important
research question may be discerned. Specifically, what practical yet innovative
occupational health and safety strategies at hazardous waste remediation projects hold the
potential of improving performance over traditional strategies, and why? It is, then, the
purpose of this research to identify, describe, compare and contrast, those most
significant health and safety approaches characteristic of this departure, and then to
evaluate their general effectiveness.
2.4 Theoretical Framework
The theoretical framework of this research will be both pragmatic and based upon
theory. In the pragmatic sense, this research will identify, describe, compare and contrast
those most significant health and safety approaches implemented at the last project with
its predecessors. This in-depth examination of select health and safety strategies will be
facilitated by the author's active participation in the project throughout much of its ten-
year course, in both design and execution capacities. On the other hand, this research
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will then evaluate those select worker hazard mitigation strategies representing a
departure from those approaches of the past, utilizing data where available, and outside
and presumably objective resources where data is otherwise unavailable as a limitation to
this study. Hence, by then evaluating these strategies based upon theory, it is hoped that
this examination will credibly answer the question posed above, and assist future
remedial efforts in achieving continuous improvement amidst this age of radical change.
2.5 Limitations and Delimitations of theWork
As to the limitations of this study, the most important is that this study is in no
way sanctioned or sponsored by the facility, in addition to the fact that this author is no
longer associated with the remediation project. This means the research must keep in
confidence all parties to the remediation project, and will not have the benefit of certain
data and information that the author would otherwise be privy to. However, since the
author was present throughout the design and major execution phases of the project, it is
those phases that will play the most pivotal in terms of the focus of the study. Further,
then, the study will tend to more qualitative in nature where such data would be essential
in proving a given assertion or relationship, and rely upon the information either publicly
available or intellectually retained as a discernable and professional work product.
As to the delimitations of the study, the various EH&S strategies implemented at
the project represent just a few of the many technical and managerial approaches that can
be employed across a wide range of chemically and physically diverse sites, under an
equally broad jurisdictional spectrum. That being the case, this study cannot strive to
examine and evaluate all of those strategies that could be construed to be novel. Further,
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since the project itself was a unique, long-term project under a state consent order, this
study is not intended to provide justification for why the regulatory establishment at the
federal level should be amended, based solely upon the experiences of this one hazardous
waste site. Rather, and in light of these delimitations, the focus will be more "worker
health and safety-oriented", and based upon those critical few strategies that may
realistically provide today's remedial projects with practical and innovative information
on how best to improve theirmission in spite of the current regulatory infrastructure.
B. Hansen Graduate Project 14 5/01




While the hazardous waste industry today has only 10 years of experience under
the aforementioned regulatory drivers, the broad arena of EH&S along with its many
disciplines are much more experienced and time-tested. Accordingly, the relevant
literature that supports any effort to examine and evaluate either of the arenas specifically
reflects this dichotomy. As it relates to literature introspective of the remediation
industry, there is an apparent void in studies that go beyond the strict confines of
compliance with the HAZWOPER standard. In fact, at least two authors to be cited by
this examination have noted the lack of relevant research into the remediation business,
specifically as it relates to worker health and safety, which perhaps reflects the need for
this research as such. On the contrary, the abundance of literature addressing the many
interdisciplinary strategic approaches across the EH&S arena represents a wealth of
information which may serve to both adequately and objectively evaluate those strategies
employed at the project in question for this study. Ultimately, then, it is hoped that this
work can fill that void in providing further insight into a business venture that has and
will continue to play a vital role within today's occupational and environmental arena.
3.2 Theories and/or Concepts ofRelevant Literature
There will be four categories of literature that this research will rely upon, as
detailed below.
3.2.a Historical References
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These references include historical documentation in the form of standards, preambles to
those standards, and works expanding upon those standards. They will help to both
introduce the regulatory backdrop surrounding the remediation arena, and to act as the
baseline against which strategic comparisons of EH&S strategies may be compared
internally over time. The conceptual focus of these references in general is that
occupational safety and health considerations at hazardous waste remediation sites should
follow a strict and hierarchical methodology beginning with a thorough remedial
investigation. Following, the development and implementation of comprehensive work
plans and health and safety plans to programmatically protect workers through various
engineering, administrative, safe work practice and personal protective equipment control
measures, should be adhered to. References in this category include the following:
The HAZWOPER standard;
The regulatory preambles to the HAZWOPER standard; and
A book titledWorker Protection During Hazardous Waste Remediation.
3.2.b References Relative to the
"Problem"
These references include those that help to define the central problem around which this
research will focus. These include scholarly articles and studies that are introspective of
the remediation arena specifically as to recent trends and/or developments, including the
following theories and/or concepts:
Innovative efforts aimed at improving worker protection on hazardous waste sites
trail in comparison to those innovative efforts aimed at improving the efficacy
through which hazardous waste sites are remediated. The more recent trend of
focusing only upon the use of novel environmental technologies, thus disregarding
the remedial workers, reflects the setting of national priorities amongst regulatory
agencies (Moran and Lippy);
Although various environmental remediation technologies exert differing risks upon
workers executing the tasks required by those technologies, the EPA does not
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systematically consider those risks when deciding upon which technology is to be
selected for a given hazardous waste site (Anonymous).
3.2.c References Relative to Site-Specific RemedialApproaches
These documents, which must remain confidential, convey the basic programmatic
strategies developed and implemented for various remedial actions at the project in
question. They include site-specific health and safety plans, construction work plans, and
remedial design documents.
3.2.d References Relative to the Examination & Evaluation ofSpecific EH&S Strategies
These references are those that will help in examining and evaluating a number of select
worker health and safety strategies employed at the target remediation site in question.
They can be further broken down into a number of sub-categories as follows:
Major Industry-Specific References:
Relative to a specific remediation company's incident trends, the improvements
tracked over a six year period can be attributed to amassing hands-on experience in
the field, and improvements in the health and safety program so as to expand its focus
beyond the prevention of chemical exposure, and into the abatement of the many
physical hazards associated with construction safety (Akbar-Khanzadeh and Regent).
As new environmental technologies are being introduced into the remediation arena
at a hastened pace, the risks posed to remedial workers have historically been
addressed at the end of the technology development stages. In order to address this
problem, regulatory agencies and remedial design teams must consider worker health
and safety earlier in the design stages. Strategies to achieve this include identifying
and mitigating technology hazards from the onset, utilizing Process Safety
Management techniques to more thoroughly evaluate those technologies, and
improved training efforts (NJEHS/US DOE-1).
Given the level of effort, money and uncertainty associated with protecting workers at
hazardous waste sites, research focus should be placed upon 1) new instruments and
innovations in technology, 2) controlling hazards before they appear through better
pre-pilot stage safety and health design, and 3) addressing safety and health
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management elements, like physical hazards, medical surveillance and training
(Marlowe-2).
A 3-year audit of various EPA Superfund hazardous waste remediation sites by
OSHA concluded that a pattern of shortcomings across the HAZWOPER standard
were evident. These included, in part, deficiencies with the health and safety plans,
ineffective PPE programs, inadequate medical and chemical exposure surveillance
programs, the lack of formalized inspection/self-audit and abatement tracking
programs, and poor training programs, to name a few (OSHAWeb Site-1).
Manufacturer Information References:
Dupont information concerning tyvek protective apparel;
Lakeland Industries information concerning tyvek protective apparel;
Sawyer-Tower information concerning specialized nomex/goretex protective apparel;
W.L. Gore & Associates information concerning the nomex/goretex protective
apparel:
3M information concerning passive monitor specifications; and
Thermo-Environmental Inc. information concerning air monitoring equipment
specifications.
Targeted Strategy References:
The references in this sub-category come primarily from a number of professional
journals and/or magazines, or in some cases from textbook chapters dedicated to some
specific aspect of the strategy being examined and/or evaluated. Though they will not be
listed out in this literature review, it is these resources which will provide much of the
objective literature to credibly evaluate those strategies implemented at the site of focus.
3.3 Descriptions of Similar Work
Two of the works contained in this literature review have similarities to the
proposed study, in that they convey the fundamental problem to be addressed by this
research. The Moran and Lippy work, titled "The Case for Integrating Safety and Health
into the Design of Innovative Environmental Remediation Technology", discusses the
importance that technological innovation has played in the U.S. historically, culminating
today with dynamic changes in the technology approval process within the hazardous
waste remediation arena. However, while the EPA has been able to adapt and become a
primary proponent of new innovative technologies, worker protection issues on
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hazardous waste sites have been given insufficient consideration, despite the fact that it is
they who must operate and maintain those new technologies. Just as the EPA annual
budget has averaged over 22 times that of OSHA, this dilemma reflects the setting of
national priorities. To remedy this dilemma, the authors illustrate how innovations in
remediation technology, personal protective equipment, and robotic techniques may
ultimately achieve the elevated protection of the worker in today's remedial industry.
The Anonymous work, titled "NSC Assesses Hazwaste Cleanup Risks", is the
summation of a National Safety Council study determining that a remediation method
selected by the EPA at some hazardous waste sites may increase
workers'
risks of dying
or being injured in an accident. While OSHA rules apply to Superfund and other EPA
cleanup sites, the EPA does not systematically quantify the risks from traumatic injury to
workers and does not consider these risks when deciding how to clean up those sites.
Three methods specifically are analyzed; excavation and landfilling, capping, and
capping plus slurry wall. Of these three methods, the excavation and landfilling method
could carry a 19% greater fatality rate than the capping method, thus supporting the
argument that EPA should begin to consider those occupational risks when developing
and selecting remediation methodologies in the future.
3.4 Critique of Past Work
The "Case for
Integrating...."
article is very interesting and insightful, but perhaps
contains one fatal flaw in the suggested remedy to address the problem on remediation
sites. The authors surmise that the appropriate approach is to attack innovative remedial
technology with equally innovative mechanical technology. Hence, through robotics or
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highly sophisticated personal protective equipment, the authors assert that remediation
workers will be better protected by either removing them altogether from site hazards, or
by improving those physical barriers between the workers and the site hazards. Although
these methods may be practical for the large-scale remedial efforts of the future, they
may have little practical relevance for smaller scale efforts within the next five years if at
all, and fail to address those innovations in the management of health and safety on
remediation projects. Hence, the innovative
"mechanization"
of the remedial worker will
not improve their relative safety on hazardous waste sites without the innovative
management of health and safety hazards and hazard mitigation strategies.
The article pertaining to the NSC study too is interesting, but again contains one
possible flaw, at least in hindsight. The excavation and landfill, capping, and capping
with a slurry wall methodologies, are three traditional technologies that are not
necessarily the methodologies of choice in today's remedial climate. These methods are
temporary solutions only that, dependent upon the relative rate of decay and/or organic
breakdown of the waste stream over time, pass an untreated waste stream onto future
generations once the physical stabilization barriers too break down over time. Rather, the
methodologies of choice today frequently seek to diminish the nature of the hazards in
the waste stream through some innovative treatment option, like bioremediation, thus
rendering the waste to be near innocuous. Hence, because this study does not consider
new innovations in remedial technology that are bound to entail more extravagant
physical and chemical processes, one can only assume that were the same study to be
performed today, results would be even more pervasive.
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3.5 Summary ofWhat is Known and Unknown about the Topic or Project
As to what is known about the topic in the broad sense, the risks that hazardous
waste sites pose to society have traditionally outweighed the risks they pose to workers
partaking in remedial actions, and perhaps rightfully so. For without the societal drivers
to initiate edicts to address these risks, the remediation industry would certainly have
never been established. However, as OSHA and EH&S professionals the like are
obligated to protect workers regardless of their occupational orientation, the protection of
remedial workers cannot be an afterthought of the greater environmental and societal
good when strategies exist to do both simultaneously.
As to what is unknown about the topic and/or project, it is and will remain
uncertain as to why the EPA does not systematically address the risks to worker health
and safety when determining which method will be utilized when cleaning up a certain
hazardous waste site. Perhaps it has to do with interagency rivalry between the EPA and
OSHA, or more likely, the EPA does not consider it their place within the regulatory
scheme to hold the fate of the remedial worker as their primary stakeholder, leaving such
a charge to OSHA. That being the case, the focus of this study will only address select
strategies for worker protection in light of this national dilemma that may be universally
applicable across both time and jurisdictional variables.
3.6 Description of the Contribution of this Work
Though some may surmise that there is only a finite amount of chemical
contamination to be remediated in the broad sense, the statistical evidence provided for
New York State alone, along with the burgeoning growth of Brownfield remediation
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endeavors, provides proof that remedial applications will be a staple of the EH&S
discipline for some time. That being the case, the remedial efforts of today and tomorrow
can improve their respective missions by examining the projects of the past, so as to learn
from their relative successes and/or failures. Therefore, the remediation project in
question, though unique in many ways, may provide credible case study evidence, for and
against, some specific strategies implemented through its traditional and innovative
course. Further, and perhaps more importantly, the apparent disparity between the
relative significance of worker health and safety risk and environmental risk on
remediation sites is an issue that needs immediate redress. It is incumbent upon both
EH&S professionals and remedial stakeholders the like, to correctly prioritize the
immediate and known risks posed to remediation workers with the oft unknown and
potential risks posed to the environment and public in general. In that sense, the remedial
efforts of the future should in the least integrate occupational health and safety, and
environmental considerations, if not alter their prioritization altogether.
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SECTION 4
Methodology
4.1 Description of theMethodology
The research methodologies to be utilized throughout the study will include a
combination of the case study, comparative and methodological strategies. The case
study methodology is one that examines the background, development, current conditions
and/or environmental interactions between one ormore individuals, groups, communities,
etc., to determine stages or patterns in relation to internal and external influences. The
comparative methodology is one that examines two or more existing situations in order to
determine and explicate their likenesses and differences. The methodological strategy is
one that examines new approaches with potential advantages over present approaches.
Further, the qualitative research style will also be a characteristic of this study.
4.2 Rationale for theMethodology
The rationale for selecting these three research methodologies and one research
style to guide the study is based upon both practical and theoretical considerations.
Practically speaking, the primary focus of the research will be upon one specific
hazardous waste remediation site within a larger remediation project. Therefore,
elements of the case study methodology will be initially utilized so as to identify and
describe background information and conditions against which the specific worker health
and safety strategies at the site of focus may be compared. Next, the comparative
methodology will be utilized to compare the traditional strategies with those employed at
the new site, and to demonstrate the rationale for selecting the new strategy as such.
Finally, for both practical and theoretical considerations, the methodological research
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approach will then be utilized. This last approach, theoretically speaking, will help to
objectively evaluate the various new strategies employed at the site of focus in terms
of
their overall effectiveness, by corroborating findings against outside and relevant
literature. Further, from a practical perspective, internal data will be utilized where
available to substantiate findings as well. Finally, the qualitative research style will be a
characteristic of this study for two reasons. First, since the general focus of this study is
on a broad topic without a significant amount of relevant literature, this style will help
refine the research question posed above during the course of the study as themes and
patterns begin to emerge, and possibly raise new questions that later research may be able
to address. Secondly, as some of the problematic issues to be addressed by this study
developed over a number of years, across a number of different projects, non-quantitative
methods for summarizing these problems through words as opposed to data will be an
essential tool to efficiently handle the breadth of data that would otherwise be necessary
for a more thorough issue by issue analysis.
4.3 Data Collection andManagement
In accordance with the specified research methodologies, the data collection and
management strategies to support these methodologies will be non-experimental in
nature, in that they do not give treatments to certain subjects. Rather, it will observe
and/or measure those subjects without trying to change them. One example includes an
internal document review. Pertinent documents pertaining to the remediation project in
general, and specifically to the primary site of focus, include those detailed in the
literature review, such as Health and Safety Plans (HASP's), Construction Work Plans
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(CWP's), and Final Design Reports (FDR's). Though these documents must be
maintained in confidentiality, they will provide the basic programmatic data relative
to
many of the traditional and innovative worker health and safety strategies implemented
throughout the project's years. A second example of a data collection technique includes
the utilization of various studies and/or analyses conducted at the project outside of
internal documentation, in order to establish certain patterns or trends associated again
with both the traditional and innovative strategies to be analyzed by this study. Examples
include injury and illness statistics, air sampling data, and activity-hazard analyses. A
third example includes the presentation of product specifications that will provide
technical data upon certain equipment or protective gear. Examples include air
monitoring equipment specifications and chemical protective clothing permeation and
penetration test data. A final data collection technique includes the examination of
external and independent literature. This relevant literature will help to corroborate some
of the problems at the new site of focus which the new worker health and safety strategies
were intended to address, as well as to objectively evaluate the rationale and effectiveness
of those strategies following implementation.
4.4 Analysis and Evaluation
The basic steps that will be followed to use, analyze and evaluate the data
described above are as follows:
1. A series of observations will be made concerning a traditional worker health and
safety approach at the project, supported by either internal documentation or trend
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studies conducted at the project, which will identify certain patterns or problems
systemic to the project.
2. With these patterns or problems identified, the new strategy introduced to address
these issues will be described, followed by the comparison and analysis of this new
strategy against the more traditional strategy so as to establish the rationale for
selecting the new strategy.
3. Finally, the new strategy will then be evaluated by referencing independent literature
and data, where available, so as to determine the overall effectiveness of the new
strategy in addressing those identified patterns or problems.
4.5 SpecificWorker Health and Safety Strategies to be Analyzed and Evaluated
Although there were a number of occupational health and strategies implemented
at the new site which departed from those more traditional strategies, three can be
described as the most significant, and hence will be the focus of this analysis and
evaluation. They will be introduced below, along with the traditional and new strategies,
and parameters of comparison.
1. Chemical Protective Clothing Strategy
Traditional garment selection relied heavily upon the single use and disposable tyvek
products; new garment selection introduced a reusable garment;
Parameters of comparison include the protection afforded by the garments, heat stress
impacts, durability and cost effectiveness.
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2. AirMonitoring and Sampling Strategy
Traditional strategy relied heavily upon an array of survey instrumentation to monitor
real-time conditions, and to collect laboratory-analyzed air samples to determine the
appropriate levels of protection were selected based upon compliance with
occupational exposure limits; new strategy introduced near real-time sampling
equipment so as to more expeditiously evaluate both the levels of protection and
compliance with occupational exposure limits;
Parameters of comparison include technical, logistical and practical considerations
associated with both strategies.
3. Physical Hazard Strategy
Traditional strategy focused efforts upon the identification and mitigation of injuries
and/or illnesses associated with chemical hazards; new strategy focused more upon
the physical hazards associated with the remedial technology employed, and the
related construction/process safetymanagement hazards;
Parameters of comparison include hazard assessment and control issues, training
considerations, and an injury/illness statistics comparison.
4.6 Summary
To summarize, this research project will examine a specific hazardous waste site,
itself apart of a long-term remediation project, both of which include common
characteristics that universally challenge the greater remediation industry today. In
accordance with the case study, comparative and methodological research methods, and
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through the data collection and management techniques identified above, the project will
evaluate a number of specific worker health and safety approaches implemented at the
case study site in question. At the conclusion of this evaluation, the following research
question should then be answerable:
What practical yet innovative occupational health and safety strategies at hazardous
waste remediation projects hold the potential of improving performance over
traditional strategies, and why?
In answering this question and concluding the study, it is ultimately hoped that students
of EH&S and remedial stakeholders alike can learn from the relative successes and/or
failures of a particular remediation project so as to improve the occupational health and
safety performance of the remedial missions of the future.
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SECTION 5
Project Preface
While many particulars of the project in question must remain confidential, a
number of issues must be described to facilitate a general understanding of certain project
characteristics. Relative to the administrative details that will be important for this study
to consider, the project was a privately funded remedial action, under a consent order
with state regulatory agencies. And, while the facility conducted the preliminary
assessment/site investigation phase with one specific contractor, a separate remedial team
altogether was created to execute the next three phases, namely the remedial
investigation/feasibility study, remedial design/remedial action, and construction
completion. This remedial team consisted of facility coordinators, a design engineering
firm, and a remedial construction firm. The facility, along with its designated
coordinators, was the primary stakeholder who managed the execution of the various
remediation projects, and was the liaison between the public and the regulatory agencies.
The design engineering firm was primarily responsible for executing the remedial
investigation/feasibility studies and remedial design/remedial actions, along with the
responsibility of quality assurance during the construction completion phases. All other
responsibilities during the construction completion phases, including project
management, construction engineering and management, quality control, and
environmental, health and safety management, were the responsibility of the remedial
construction firm. This author was a party to the remedial construction firm.
As asserted above, the project of focus was not only a multi-year hazardous waste
project addressing a diverse chemical waste stream across an equally diverse physical
environment, but it also employed a variety of remedial technologies throughout its
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course. As such, Table 1 represents a chronological breakdown of the major remediation
sites so as to present this relevant technical information:
TABLE 1
Chronological Breakdown of the Project's Remediation Activities
Site Physical Layout ChemicalMakeup Environmental Clean-Up Technology
Site A Landfill Heavy metal and cyanide
process wastes
Waste stabilization under a RCRA cap,
slurry wall and groundwater collection
system
SiteB Landfill PCB/oily wastes, and
contaminated debris
Waste stabilization under a RCRA cap
with groundwater collection system
SiteC Landfill PCB/oily wastes, and
contaminated debris
Waste stabilization under a RCRA cap
with groundwater collection system, and
excavation/landfilling of highly hazardous
wastes




SiteE Landfill VOC and PCB/oily wastes Drum excavation for off-site disposal,
waste excavation/landfilling of remaining
waste stream
SiteF Landfill VOC and PCB/oily wastes Drum excavation for off-site disposal,
waste excavation/landfilling of remaining
waste stream
SiteG Lagoon VOC/PCB/oily wastes,
and heavy metals/cyanides
Waste solidification and stabilization under
a RCRA cap, and excavation/landfilling of
highly hazardous wastes
SiteH Lagoon Sanitary and PCB/oily
wastes
Sludge dewatering and stabilization,
followed by excavation/landfilling of the
waste stream




PCB and cyanide wastes Waste stabilization, followed by
excavation/landfilling of the waste stream
SiteK Lagoon VOC/PCB/oily wastes,
and heavymetals/cyanides
Sludge dewatering and stabilization,
followed by excavation/landfilling of 1/4
of the waste stream, waste stabilization
under a RCRA cap of 1/4 of the waste
stream, and waste encapsulation of the last
1/2 of the waste stream
SiteL Landfill VOC and PCB/oily wastes Excavation/landfilling of select waste
streams, followed by waste encapsulation
SiteM Lagoon VOC and PCB/oily wastes Waste treatment and stabilization, followed
by excavation/landfilling
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A number of general observations can be made from this information. First from a
physical perspective, the sites with one exception can be categorized as either a landfill or
a lagoon, although sites often had secondary components of the both physical categories.
Similarly, from a chemical perspective, two general waste streams can be discerned.
They included inorganic heavy metal and cyanide wastes or VOC/PCB/oily organic
wastes, although again, some sites had components of both waste types.
From an environmental cleanup technology perspective, four general strategies
can be differentiated. The first three sites A, B and C, along with portions of sites G and
K, all included waste stabilization under a RCRA cap as the specified remedial strategy.
Secondly, a lesser degree of interment was required for select waste streams at site K and
L, where lower contaminant concentrations meant that waste encapsulation only would
provide ample long-term environmental protection. The third and predominant cleanup
technology employed for the majority of the sites, including D, E, F, H, I, J andM, along
with portions of C, G, K and L, involved the excavation and transportation of the wastes
to an on-site RCRA secure landfill. Finally, select waste streams at three of the sites had
additional requirements prior to landfilling. Sites E and F required that all intact drums
with liquid wastes be containerized for off-site disposal, while site M required the
pretreatment of wastes for the extraction of particularly dangerous contaminants.
The final background information required to facilitate this study is that
pertaining to the specific hazardous waste site amongst this list where a number of
occupational health and safety strategies departed from those used previously. Site M
was a lagoon primarily contaminated with organic wastes, such as VOC's, PCB's and
PAH's, along with some miscellaneous inorganic wastes. While this physical and
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chemical combination did not initially differ from other lagoon sites at the project, a
crucial discovery was made as the adjacent site I was undergoing remediation. Site I was
a landfill sharing an earthen berm with site M. In order to excavate site I waste to the
design depths, it was necessary to decant the water from the site M lagoon and relocate
the sludges, so as to avoid waste permeation and the physical instability of the common
berm. As this waste relocation was ensuing, a flash fire occurred, engulfing an area 70
feet wide, by 30 feet long, by 2 feet high, for an approximate duration of 7 seconds. As
later investigations would determine, the caustic nature of the lagoon was reacting with
elemental aluminum in certain areas, generating levels of hydrogen capable of
flammability given an ignition source. While the remedial team was fortunate enough to
escape the fire without any injuries or equipment damage, the incident nonetheless
initiated a series of events that would challenge it to derive environmental and
occupational strategies to abate the unique hazards associated with site M.
From an environmental perspective, the remedial team was able to revisit the
previously signed consent order calling for thermal or chemical desorption, as neither of
these methodologies could safely address the handling of the waste stream prior to
treatment. Alternatively, a methodology was designed to enclose hydrogen-generating
wastes in a shroud inerted with nitrogen so as to inhibit flammability conditions, and then
to treat the captured off-gas emissions through a baghouse and carbon adsorption device.
Although further inquiry into the interesting aspects of this environmental technology is
beyond the scope of this study, this technology in and of itself, in addition to the chemical
and physical hazards associated with the site, challenged the remedial team to rethink
those occupational health and safety strategies utilized in the past. And, while many
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facets of the health and safety program had to be modified to one extent or another in
light of this challenge, three specific strategies are of the most significance for this study
as they represented fundamental departures from those practices of the past. Two of
these departures are technological in nature, and include innovations in the use of novel
chemical protective clothing, as well as the use of novel air monitoring/sampling
equipment. The third departure is more programmatic or managerial in nature, and is
concerned with a heightened focus upon physical hazards, rather than the more traditional
chemical hazards.
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SECTION 6
Strategy Examination and Evaluation
6T Chemical Protective Clothing
6.La Background Problems
Chemical protective clothing (CPC) itself is a part of the more broad personal
protective equipment (PPE) hazard mitigation and control strategy, both of which are
critical elements on hazardous waste remediation projects as per section (g) of the
HAZWOPER standard, titled Engineering Controls, Work Practices, and Personal
Protective Equipmentfor Employee Protection (29 CFR 1910.120). Whereas Appendix B
of the standard prescribes four levels of protection that are comprised by an assortment of
PPE, the remediation project in question generally recognized five levels of protection as
follows:
Level A Protectionshould be worn when the highest level of respiratory, skin and
eye protection is needed; this includes a self-contained breathing apparatus and a fully
encapsulating chemical protective suit.
Level B Protectionshould be worn when the highest level of respiratory protection
is needed, but a lesser level of skin protection is needed; this includes supplied air
respiratory protection, and chemical protective clothing sufficient to protect workers
from known or expected dermal hazards.
Level C Protectionshould be worn when nominal airborne hazards exist, and a
lesser level of skin protection is needed; this includes air-purifying respirators
meeting the criteria for which they may protect against the airborne hazards, and
chemical protective clothing sufficient to protect workers from known or expected
dermal hazards.
Level D+ Protection-should be worn when airborne hazards do not exist or only
exist in nuisance concentrations, and a lesser level of skin protection is needed; this
includes filtering facepieces (dustmasks) as needed, and chemical protective clothing
sufficient to protect workers from known or expected dermal hazards.
Level D Protection-should only be worn as a work uniform, and not in any area
with respiratory or skin hazards.
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Of these five levels of protection, Level A was reserved for emergency response
and/or
HAZMAT applications, neither of which the remediation project engaged in, and Level D
had no practical application since it cannot be donned where respiratory or dermal
hazards exist. Hence, Levels B, C and D+ were the three primary alternatives that could
be selected based upon known or expected site conditions. And, as it specifically relates
to the 13 sites in Table 1 above, 11 implemented Levels D+ and C, while two
implemented all three levels of protection.
As one may discern from the definitions above, the principal variable across these
three primary levels of protection is respiratory protection, as chemical protective
clothing is relegated as a more static consideration based upon physical conditions.
Likewise, from a project-specific perspective, the issue of respiratory protection
traditionally received greater attention than chemical protective clothing did. Solely from
an equipment perspective, Level D+ required filtering facepiece respiratory protection if
any at all, Level C required air-purifying respirators and Level B required supplied air
line systems. Likewise, each level of protection increase incurred similar increases in
organizational and technical complexity, personnel training, fit testing, and equipment
maintenance, not to mention overall project costs. Hence, it is conceptually
understandable that any effort at controlling those organizational complexities and costs
incurred by remediation sites would focus on the level of protection relative to respiratory
protection, and employ Level B only when absolutely necessary.
As it relates to the other important level of protection consideration, chemical
protective clothing strategies never received the same attention that respiratory protection
strategies received. As such, a number of general problems with the traditional CPC
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strategy can be identified. The first pattern concerns the types of garments selected
so as
to provide reliable barrier protection to remedial workers. The project developed two
general strategies tied intimately to the physical nature of the waste stream, and/or the
activity the employee was engaged in. At landfill sites, where wastes tended to be of a
drier consistency, CPC ensembles included two options, excluding hand and foot
protection. These options included reusable cotton coveralls, or single-use and
disposable tyvek coveralls. Further, tyvek coveralls could be broken down into two
classes; poly-coated tyvek, and saranex-coated tyvek. Ultimately, each CPC ensemble
provided successively higher levels of contaminant permeation protection, defined as the
process by which a chemical migrates through a certain protective membrane at the
molecular level, and chemical penetration protection, defined as the bulk flow of a
chemical through closures, porous materials, seams or other imperfections (Evans et al
335). As such, cotton coveralls provided the minimum protection against chemical
permeation and penetration, and saranex-coated tyvek provided the greatest protection
against chemical permeation and penetration. Therefore, workers engaged in landfill
remediation activities that involved little potential for exposure to contaminants that
could compromise cotton fabrics would select the reusable cotton coveralls. Likewise,
poly-coated tyvek would be selected when, for example, workers engaged in high-
pressure water decontamination activities involving overspray, and saranex-coated tyvek
would be selected when workers came into direct contact with damp to saturated
contamination. On the other hand, lagoon sites limited the selection of CPC based upon
the more frequently damp to sludge-like nature of the waste streams, which could more
easily compromise the cotton coveralls through penetration. Hence, the reusable cotton
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garments were for the most part excluded from use, resulting in a more limited
CPC
selection based upon single-use tyvek CPC, of either the poly-coated or saranex-coated
varieties. Attachment 1 contains an excerpted figure from one of the later health and
safety plans written for a lagoon site at the project, and clearly conveys the decision
logic
and applicability of this programmatic CPC strategy.
A second problem that developed was heat stress. Since the majority of
remediation activities at the project were planned so as to coincide with New York State's
warmer weather months, increasing the level of permeation/penetration protection
through CPC selection compromised the body's ability to dissipate heat through radiation
or dissipation, thus increasing the risk of heat stress (O'Connor and Querrey 2). One of
the control measures to address this issue was the use of a heat stress monitoring device
called a Wet Bulb Globe Thermometer (WBGT), which was deployed when ambient
environmental conditions exceeded 85 degrees F, and took three basic factors into
consideration. The first was the WBGT temperature, which is the combination of
ambient temperature, relative humidity, and solar load. The next two factors were input
into the device prior to deployment. They were the metabolic rate of working employees,
described as low, moderate or high, and the type of CPC donned by the workers, ranging
from standard work clothing, to vapor-barrier protective clothing. With these three
factors then, the WBGT as its functional output would determine the appropriate
work/rest regimen in accordance with recognized industry or scientific consensus
standards. As an example of this instrument's output, consider Attachment 2 below. Not
only does this table represent an appropriate work/rest regimen based upon a selected
industry standard, it also clearly conveys how the variation in CPC selection can have an
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adverse affect upon those work/rest regimens. As any one factor increased, so too would
the restrictions placed upon the workforce in order to prevent heat-related trauma.
Consequently, while landfill sites offered three types of CPC to select from, with cotton
coveralls predominating and thus lessening the work/rest regimen restrictions, lagoon
sites more typically involved significantly restrictive work/rest regimens based upon the
more limited selection of CPC.
The third problem that developed with the traditional CPC strategy concerned the
durability and costs associated with the selected garments. While CPC, and personal
protective equipment in its entirety for that matter, is an expected cost consideration for
hazardous waste sites, there arose some unforeseen additional costs. In the earlier years
of the project, when landfill sites were the predominant focus of remedial activities, all
three of the CPC ensembles noted above were at the disposal of the workforce. As the
more durable and reusable cotton coveralls were the primary garments selected, the
consumption of costs associated with the single-use tyvek varieties of CPC were simply
accepted as a necessity of site conditions when appropriate. However, when the project
executed the remediation of two lagoons back-to-back, sites G andH from Table 1 above,
thus excluding reusable garments from selection, the situation changed. Whereas
workers donning cotton coveralls would typically utilize the garment throughout the day,
and have it laundered thereafter by the project support group, workers donning tyvek
garments of either variety would dispose of their garment each time they exited the zone
of contamination. Therefore, over the course of a standard 10 to 12-hour work-shift, with
a break in both the morning and afternoon, workers would consume no less than five
individual tyvek garments of either variety per person per shift. At the second of these
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two lagoon sites, which had a maximum double-shift, 6-day per week manpower loading
of approximately 60 personnel required to donn either of the tyvek options, the
consumption of these single-use garments neared 300 per day, and 1800 per week. And,
as the approximate costs for the poly-coated option was $5.00, and the cost for the
saranex-coated tyvek was $17.00, the use of these options at the above rate cost the
project from $9,000.00 to $30,600.00 respectively on a weekly basis. Further, this rate of
consumption had logistical ramifications for the specific site as well, as it depleted the
inventories of nearly every regional PPE vendor, such that demand outweighing supply
contributed to an even greater unforeseen cost problem.
In light of these three problems associated with the traditional application of the
project's CPC strategy, the remedial team was charged with improvements during the
design and execution of site M. However, as the earlier flash fire incident at site M
introduced a flammability hazard facing personnel, a new barrier protection quality had
to be integrated into the traditional CPC program so as to address this new and significant
hazard. Hence, the full challenge was to find a garment with comparable chemical
permeation and penetration protection from contaminants in a lagoon setting, while
similarly addressing flammability protection, heat stress minimization, and the
durability/life span considerations required for the new CPC strategy to functionally
work.
6.Lb Rationale Comparison
In consideration of these historical problems associated with the traditional CPC
strategy at the project, and the additional challenges posed by site M, a garment was
discovered with the possibility of addressing all of these concerns. That garment was
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named CPC Nomex with Gore-Tex Fabric, to be hereafter referred to as nomex/goretex,
and is described in the manufacturer illustration contained in Attachment 3 below.
According to these manufacturer specifications, the garment is a tri-laminate combination
of flame resistant nomex, breathable goretex, and chemical resistant teflon, that was
purportedly stain resistant, snag resistant, and washable/reusable. And, as this garment
was ultimately selected by the project team to address the unique CPC problems facing
site M, the sections that follow will examine the rationale behind this critical departure
with the traditional CPC strategy.
As it relates to the relative level of the chemical protection afforded by the
garments of comparison, consider Attachments 4 and 5 below, containing the
manufacturer specifications for both tyvek varieties and the GORE fabric component of
the nomex/goretex garment that had been subjected to explicit testing. From Attachment
4 pertaining to both poly-coated and saranex-coated tyvek, the performance of the
garment relative to the specified ASTM F739 test method for permeability against a
standard battery of chemicals is detailed. Though the poly-coated tyvek is readily
permeable by all test chemicals excluding sodium hydroxide and sulfuric acid, the data
for saranex-coated tyvek establishes the garment to be much more protective, as asserted
above. Comparatively, the Attachment 5 specifications pertaining to the GORE fabric
component of the nomex/goretex garment make it clear that the garment is readily
permeable by most chemicals as per the same ASTM F739 test method. Hence, it would
appear that the poly-coated tyvek and nomex/goretex garments provide equally poor
permeability protection, while the saranex-coated tyvek provides the best permeability
protection of the three. Concerning the second chemical protection consideration,
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penetration, the specifications for the tyvek varieties do not address the issue, which is a
problematic issue to be addressed later. Comparatively, the specifications for
nomex/goretex are devoted entirely to penetration tests as per the ASTM F903 and
NFPA
1992/1993 test methods. Hence, though any direct comparison of the garments
concerning penetrability as per the data is inconclusive, one can assume that poly-coated
tyvek and the nomex/goretex garments would compare similarly based upon permeation
data alone, and that saranex-coated tyvek is the most protective of the three garments.
As it relates to the flammability protection afforded by the garments of
comparison, the nomex/goretex garment certainly holds the advantage. While it is not
explicitly conveyed in Attachment 4, a manufacturer/distributor web site concerning
garments made of tyvek specifically says "garments of tyvek are not flame resistant and
should not be used around heat, flame, sparks, or in potentially flammable or explosive
environments"
(Dupont web site 2). Comparatively, the nomex/goretex garment by its
constituent makeup is fire resistant as per the manufacturer specifications, which is of
greater significance when one considers the different levels of flammability protection.
Unlike fire retardant CPC, which are normally combustible garments topically treated
with some chemical for limited protection against fire hazards, fire resistance indicates
that the garment will not burn when fire hazards are introduced upon the garment (Neal
2). And, although the flammability specification cited above for tyvek states that the
product in not "flame resistant", the definition alone is enough to conclude that it is also
not flame retardant. Hence, as the nomex/goretex garment provided the flammability
protection sought as an important characteristic of the CPC program for site M, its
advantages clearly outweighed those as provided by either of the tyvek options.
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As it relates to the heat stress issues relative to the garments of comparison,
consider again Attachment 2. In accordance with the industry standard utilized,
saranex-
coated tyvek would be input into the WBGT as a "cotton plus
plastics"
garment, resulting
in the most stringent work/rest regimen output. Likewise, based upon the experience the
project had with the poly-coated tyvek and professional discretion, the more permeable
tyvek option would be input into the WBGT as a "double cotton
coveralls"
garment,
resulting in a lesser work/rest regimen output in relation to the saranex-coated option.
Comparatively, just as the poly-coated tyvek and nomex/goretex garments compared
similarly with respect to their poor permeation protection qualities, but presumably faired
equally relative to their penetration protection qualities, the nomex/goretex option would
be input into theWBGT as a "double cotton
coveralls"
garment. Thus, the two garments
would have the same impact upon workers with respect to heat stress, and upon worker
productivity from a work/rest regimen perspective. Likewise, the nomex/goretex option
would presumably reduce the relative heat stress impact upon workers who would
otherwise donn saranex-coated tyvek.
As it relates to the durability and costs of the garments of comparison, it has
already been established above that workers at lagoon remediation sites traditionally
consumed no fewer than 5 of the less durable poly or saranex-coated tyvek suits per day,
at a weekly cost dependent upon the number of workers per shift. Therefore, at a
consumption rate of 5 suits per worker per day, the average estimated costs of deploying
poly-coated and saranex-coated tyvek per worker per day were $25.00 and $85.00
respectively. Comparatively, the nomex/goretex garment, as per Attachment 3, was
much more durable, flexible and comfortable by construction than traditional CPC, and
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was washable/reusable, giving it a much longer life span. And, at a one-time cost for
a
single garment at approximately $550.00, it would have to be donned by a worker for at
least 22 workdays where he/she would otherwise donn poly-coated tyvek, and 7 days
workdays where he/she would otherwise donn saranex-coated tyvek, in order for the
nomex/goretex garment to be cost-effective. Hence, as saranex-coated tyvek was
predicted to be the primary garment of selection for site M remedial activities, the
cost-
effectiveness of the nomex/goretex garment appeared to represent significant cost savings
assuming the garment would be durable enough to last to the conclusion of remedial
activities.
6.1.c Rationale Evaluation
Having established the comparative characteristics of each of the three garments
based upon select criteria examined during the remedial planning phase for site M, the
discussion that follows will evaluate the ultimate selection of the nomex/goretex garment.
This evaluation will briefly discuss implementation characteristics of the garment, and
will then cite external literature to provide further objective insight into the selection of
the nomex/goretex garment representing a departure from traditional CPC strategies.
Concerning the reliability of the chemical protection offered by the
nomex/goretex garment in practice across the permeation, penetration and flammability
criteria originally considered, the garment performed at or above expectations. For
example, one measure of the reliability of permeation/penetration protection that can
substantiate the garment's performance is the number of dermal injuries or illnesses
reported. During the remediation of site M, personnel donning the nomex/goretex suit
reported two OSHA recordable illnesses. In these cases however, which incidentally
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were both contact dermatitis as a result of skin contact with raw sludge, the illnesses
arose from the improper cleaning of respiratory protection equipment, resulting in
rashes
upon the face and neck. Hence, no other recordable injuries or illnesses resulted from the
failure of the garment. Similarly, concerning the flammability protection offered by the
garment, the effectiveness of the nomex/goretex suit luckily was not put to the test in the
field. With that being said however, at least one reported flash fire incident occurred,
where a small pocket of hydrogen gas ignited as a result of a spark initiated by an
excavator bucket scraping against a rock. Hence, although no data exists to evaluate the
effective protection of the garment against flammability hazards, the potential for a flash
fire nonetheless did exist.
From a more objective standpoint concerning the reliability of the protection
offered by the nomex/goretex garment, a number of issues warrant discussion. Though
much attention has been given to the permeation and penetration criteria above, it must
be pointed out that there is some debate today as to the theoretical level of protection
indicated by laboratory-based testing versus real use situations, such that the actual
protection afforded by CPC is often uncertain and variable (Evans et al 334). This point
is compounded in practice by the manufacturing specifications for all three garments, as
illustrated in Attachments 4 and 5, which convey such laboratory-based testing data. As
discussed above, the Attachment 4 tyvek specifications concern the permeability of the
garments in accordance with test method ASTM F739 (Resistance of Protective Clothing
Materials to Permeation by Liquids or Gases under Conditions of Continuous Contact),
but are devoid of any penetration testing. Likewise, the Attachment 5 specifications for
the GORE fabric component of the nomex/goretex garment concern penetration data in
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accordance with test methods NFPA 1992 (Liquid Splash Protective Suits for Hazardous
Chemical Emergencies), NFPA 1993 (Support Function Protective Garments for
Hazardous Chemical Operations), and ASTM F903 (Resistance of Protective Clothing to
Penetration by Liquids), and only mention the fact that the garment would fail the ASTM
F739 permeability test method. Therefore, the variability and uncertainty discrepancies
between laboratory-based testing versus real use situations, is made worse by the fact that
manufacturers, at least in the garments studied, use different test methods in evaluating
and certifying performance criteria for their equipment.
With these two issues in mind, it is worthy to note the efforts undertaken by the
GORE fabric manufacturer to address the latter issue in Attachment 5, despite the fact
that it could be construed to be a marketing tool for their product. In this literature, the
company asserts that the selection of CPC has been largely based upon material
performance relative to permeation testing alone, which incidentally describes the data
reported for the tyvek options studied herein, and may lead to inconsistent usage of CPC.
Rather, they assert, three new NFPA performance-oriented standards address the
shortcomings of traditional design-oriented standards by certifying protective clothing
against what the garment is expected to do and why it is being worn. In other words,
these standards associate permeation data in accordance with test methods ASTM F739
and NFPA 1991, with vapor protection requirements, and penetration data in accordance
with test methods ASTM F903 and NFPA 1992 and 1993, with liquid splash protection
requirements. Therefore, if vapor protection is not a critical protection parameter
required by a certain work activity, then the permeation data and performance associated
with a CPC ensemble too becomes an insignificant if not irrelevant consideration.
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Concerning the flammability protection criterion considered above, it has already
been established that the nomex/goretex garment clearly addressed the hazard
while the
others did not, and that at least the potential for the hazard to manifest itself did exist.
However, some would argue that given the severity of the risk associated with the hazard,
other hazard control measures should have been considered, such as elimination or
engineering controls (Wagner 2). In other words, "PPE is the least effective method for
controlling hazards and should only be used in combination with engineering
controls"
(Wagner 4). However, as this issue is certainly true, so too is the notion that employees
must feel safe and secure in the belief that garments have been selected that may protect
against the full range of hazards that may reveal themselves in the work environment,
whether actually or potentially (Zeigler-2 2). As such, the selection of a garment whose
additional barrier protection qualities addressed a hazard of great significance, albeit little
practical chance of occurring, can be construed to at least be a proactive and preventative
hazard control strategy in this specific instance.
Concerning heat stress issues and the performance of the nomex/goretex garment
in practice, two
"events"
which lessened the impact of heat stress from an environmental
perspective should be noted. First of all, though site M had originally been planned for a
June
1st
start date, that date was pushed back due to technical and administrative delays,
such that full remedial activities did not actually begin until the near end of August.
Secondly, the weather patterns in general throughout the summer and fall of the remedial
season in particular at site M were much cooler and wetter than had been expected.
Hence, as the environmental threshold component of heat stress determinations rarely if
at all exceeded 85 degrees F, the WBGT instrument, along with the CPC input data,
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never once became a significant factor for site M. However, as heat stress issues will
nonetheless remain a critical issue for future remediation projects to consider, the
employed strategy will be evaluated accordingly.
From an objective standpoint, a number of issues concerning heat stress in
remedial workers warrant discussion. While a body at rest normally responds
physiologically to heat stress through conduction, convection and radiation, a body at
work normally accounts for up to 95% of its heat loss through evaporation, via the
air-
drying of sweat from the skin (O'Connor and Querrey 3). However, as the remedial
worker has to face the general weather/climactic conditions of high temperature and
humidity, combined with the artificial micro-climates surrounding them as a result of
wearing PPE/CPC, this natural evaporative heat loss response is compromised, thus
increasing heat stress and the risk of injury (O'Connor and Querrey 4). While traditional
heat stress management efforts have focused upon heat stress monitoring, education and
training, work/rest regimens, and acclimation efforts (O'Connor and Querrey 4), recent
R&D efforts hold the promise of making CPC selection a more important variable in the
management of heat stress. For example, the development of splash-resistant, breathable,
microporous technologies by diaper manufacturers opened the door for protective apparel
companies to adopt similar technologies that allow heat and sweat vapor to escape, while
maintaining a degree of splash protection (Hohl 3). The nomex/goretex garment, in fact,
is a product of such technologies.
Independent research aimed at evaluating the performance of liquid-barrier vapor-
permeable garments, otherwise referred to as vapor-transmitting garments, reflecting this
technology, against the results of similar studies evaluating heat stress concerns relative
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to vapor-barrier suits establishes some interesting results. This research
determined that
of the two vapor-transmitting garments studied, one of which was
manufactured by the
same company identified in Attachment 5, each performed equally relative to
their
restrictions in the evaporative cooling of test subjects donning the garments,
equivalent to
the donning of two layers of cotton coveralls (Kenney et al 3). However, when these
results were compared against the restrictions in evaporative cooling of test subjects
donning vapor-barrier garments, the vapor-transmitting garment translated into lower
heat stress impacts on workers performing the same work under the same
environmental
conditions (Kenney et al 3). Therefore, vapor-transmitting garments like the
nomex/goretex ensemble represent a practical solution to the significant heat stress
problems facing remediation personnel.
Concerning the durability and cost performance of the nomex/goretex garment in
practice, the garment performed extremely well. To establish this assertion, it should be
noted that saranex-coated tyvek was deployed to an extent as site M, so as to preserve the
integrity of the nomex/goretex suits in situations where personnel would otherwise
heavily expose the nomex/goretex garment to contamination. As such, consider
Attachment 6 below, which conveys a comparison of the garment utilization rates and
cost expenditures associated with what was actually utilized at the site M, and what
would have likely been utilized if the project had relied solely upon saranex-coated tyvek.
Although this comparison does not take into account the manpower required to launder
and/or maintain the nomex/goretex garments, and does not have the benefit of exact
figures from the facility procurement department, it nonetheless is a fair estimated
comparison. Based upon this cost comparison alone, the utilization of the more durable
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and reusable nomex/goretex garments over the traditional single-use, disposable
saranex-
coated tyvek represents an approximated $58,632.00 cost savings to site M.
From an objective standpoint, a number of issues concerning durability and cost
warrant discussion. While the chemical protection and heat stress considerations are
relatively simple and straightforward issues to compare, analyze and evaluate, durability
and cost issues are much more interrelated and dependent upon other factors. The
durability issue, for example, can include strength (the resistance to tears, punctures and
abrasions, as well as tensile strength), flexibility (the ability to move and work easily in a
garment), and life span (the ability to resist aging, especially in severe environments)
(EHSO web site). As such, one source asserts that while cost per use has traditionally
been the key metric in choosing between limited-use and reusable garments, care,
maintenance, repair and storage requirements for the reusable options must be included in
the decision-making (Zeigler-2 3). Perhaps more importantly however, the need to select
the right barrier protection for the job (Zeigler-1 2), and using/wearing CPC correctly are
other more important considerations that impacts durability and cost (Zeigler-2 3). So, a
decision to select a reusable garment as opposed to a limited-use garment will ultimately
increase the level of effort to maintain and preserve the garment, and will presumably
place situational restrictions upon activities as well.
However, the Zeigler-2 source also indicates that a number of other less tangible
and subjective issues are in fact the most important wearability considerations, all of
which impact cost-effectiveness through employee acceptance of selected protective
garments. Comfort is one such consideration that can be divided into two categories.
This source considers aesthetic and physiological comfort as two discernable yet
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interconnected wearability considerations that will affect an employee's
acceptance of a
protective garment while performing required work (Zeigler-2 3). As the
physiological
comfort advantages of the nomex/goretex garment have already been established
relative
to heat stress, aesthetic comfort by its nature is a matter of personal preference and hence,
is difficult to measure (Zeigler-2 3). However, after having spent a considerable number
of hours in both the traditional tyvek and nomex/goretex garments alongside workers in
many remedial situations, a subjective yet credible opinion by this author would submit
that the nomex/goretex garment was a much more aesthetically comfortable garment to
wear. Ultimately, as the nomex/goretex garment factually decreased heat stress impacts,
was more comfortable to wear, and proved to be a durable garment that lasted the
duration of site M remediation activities, the use restrictions, and maintenance and care
requirements otherwise representing disadvantages over its traditional garments became
acceptable tradeoffs.
Finally, two other criteria not considered above represent important elements to
be considered in any thorough evaluation of CPC. The first is degradation, defined as a
deleterious change in one or more of the physical properties of a certain protective
membrane as a result of exposure to a chemical (Evans et al 335). The second is
decontamination, defined as the complete removal of all contamination from a material
(EHSO web site). Although the durability of the nomex/goretex garment in practice has
been discussed above, the ability of a reusable garment to resist degradation in a
hazardous waste environment that subjects it to conditions requiring frequent
decontamination remains an important consideration. The only mention of degradation
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considerations for the nomex/goretex garment is in the special instructions section of
Attachment 3, which states the following:
"If the garment is stained by grease or oil, spray stain thoroughly with aerosol pre-wash
before laundering. This procedure will help maintain the chemical resistance properties
of the garment".
This non-scientific instruction is perhaps due to the fact that unlike permeation or
penetration criteria, ASTM does not currently have an adopted test method relative to
degradation as per a search of their website. According to Coletta et al, ASTM did
evaluate a proposed ASTM test method for degradation, but it was ultimately abandoned
because the proposed method was not stringent enough to generate an acceptable level of
accuracy and precision. Hence, it is generally understandable why the specifications
cannot address the degradation issue as thoroughly as permeation and/or penetration
issues are addressed. With respect to decontamination, one study evaluated thermal
cleaning methods against air-drying and detergent washing methods for CPC exposed to
organic solvents. This study concluded that unless the contamination is limited to the
outside surface of the material, aeration and detergent washing might not be an effective
decontamination method (Vahdat and Delaney). This finding is corroborated by an
Attachment 3 caution that states "the washing instructions that follow do not constitute a
decontamination procedure". As this information is problematic for a CPC strategy that
in practice relied heavily upon detergent washing methods to satisfy decontamination
needs, future projects will need to take this matter into further consideration when
evaluating reusable garment options.
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6.1.d Summary
In summary, as the hazardous waste remediation project of focus traditionally
considered the respiratory protection elements of its PPE program to be the
principal cost
variable of interest, the CPC elements were not seen as an opportunity to both save
money and better protect its personnel at the same time. As such, three
garments were
historically relied upon without further consideration. However, as the use of these
traditional options were predicted to consume a significant amount of money, impact
worker productivity due to heat stress concerns, and not provide
the necessary
flammability protection required by site M, a new garment was introduced so as to
remedy these problems. And, though the garment did have some new
limitations
associated with use, care and maintenance constraints, its cost-effectiveness and
increased protective qualities suggest that the trade-offs were warranted, hence
establishing this critical departure with
traditional CPC strategies to be a relative success.
6.2 AirMonitoring and Sampling
6.2.a Background Problems
Just as it is with PPE/CPC programs, air monitoring and sampling programs at
hazardous waste remediation projects are equally critical hazard mitigation and control
element as per section (h) of the HAZWOPER standard, titled Monitoring (29 CFR
1910.120). The standard differentiates between three situational types of monitoring, as
follows;
Initial Entry Monitoring upon initial entry, representative air monitoring shall be
conducted to identify any IDLH conditions, exposure over permissible exposure
limits, or other dangerous conditions such as the presence of flammable atmospheres
or oxygen deficient environments.
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Periodic Monitoring shall be conducted when the possibility of an IDLH condition
or flammable atmosphere has developed or when there is indication that exposures
may have risen over permissible exposure limits since prior monitoring.
Monitoring of High-Risk Employees after the actual clean-up phase of any
hazardous waste operation commences, the employer shall monitor those employees
likely to have the highest exposures to hazardous substances and health hazards likely
to be present above permissible exposure limits by using personal sampling
frequently enough to characterize employee exposures (29 CFR 1910.120 Part h).
In practice, these three types of air monitoring were further defined and clarified by the
project, as well as other credible sources. So, initial entry monitoring usually refers to
the air monitoring conducted during the site characterization phase of a hazardous waste
site. However, if site hazards had not been adequately characterized prior to initial site
entry, then the criteria for initial entry monitoring would apply during the full-scale
remediation activities (Andrews 18). Periodic monitoring usually refers to the routine
use of real-time direct-reading air monitoring instrumentation, so as to evaluate IDLH
conditions or flammable atmospheres, and is normally required when 1) work begins on a
new portion of the site, 2) contaminants other than those previously identified are
encountered, 3) when a different type of operation is initiated, and 4) when employees are
handling leaking drums or liquid contamination (29 CFR 1910.120). Finally, monitoring
of high-risk employees usually refers to the use of air sampling equipment and strategies
to collect samples for subsequent laboratory analysis, which are then compared against
the applicable occupational exposure limit (Andrews 19). Hence, the critical difference
between the two latter air monitoring types in practice is that one necessitates the use of
real-time direct-read air monitoring equipment, and the other necessitates the use of air
sampling equipment. As such, and for the purposes of the discussions that follow, "air
monitoring"
will be the terminology that indicates real-time direct-read equipment was
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being utilized, and "air
sampling"
will be the terminology that indicates air sampling
equipment and strategies were being utilized.
Another important issue that must be pointed out is that air monitoring and
sampling techniques at the project were not only employed so as to protect site
personnel.
They were also utilized to evaluate individual workstations, or areas where non-site or
visitor personnel could be affected by on-going remedial activities. Air monitoring and
sampling techniques serving this purpose were termed general area or workstation
monitoring/sampling. Further, these techniques were also utilized to ensure and verify
compliance with various environmental regulations and/or requirements, and as such,
were termed environmental monitoring/sampling. In other words, the air monitoring and
sampling program at the hazardous waste project of focus was a multi-functional strategy
relying upon a number of different instruments and analytical procedures, which served
site, near-site and environmental constituencies.
A number of general patterns and/or problems with the traditional air monitoring
and sampling strategy can be identified. The first concerns the technical and
logistical characteristics associated with air monitoring and sampling. Although the use
of these two types of monitoring techniques varied to a degree depending upon the
physical and chemical properties of the site, the general strategy can be described as
follows. Air monitoring was generally a daily task, meaning that a host of real-time
direct-read instruments were manually deployed by site Industrial Hygienists to
systematically survey site conditions. Examples of instruments utilized for this purpose
include photo-ionization detectors (PID's) to survey for volatile organic compounds
and/or select inorganic compounds, and 4-gas monitors equipped with electro-chemical
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sensors to survey for more specific airborne hazards such as oxygen deficiency,
flammability, carbon monoxide and hydrogen sulfide. Further, when the site IH's had a
relative degree of confidence as to the specific nature of the airborne contaminant, then
colorimetric indicating tubes would also be utilized. These instruments consisted of a
glass tube impregnated with an indicating chemical, which when connected to a
hand-
actuated pump so as to draw air through the tube, indicated the relative concentration
of
the contaminant by the length of stain upon the indicating layer (Andrews 167). On a
more periodic basis, or when air monitoring activities indicated that the possibility for an
over-exposure to a given contaminant could occur, air sampling equipment and strategies
would then be employed. Examples of equipment and strategies utilized for this purpose
include an air sampling pump with tygon tubing, with a glass-fiber filter and florisil
sorbent tube, for the subsequent determination of an individual's exposure, or lack
thereof, to airborne Polychlorinated Biphenyls (PCB's).
The technical and logistical problems with this strategy concern a number of
characteristic tradeoffs between air monitoring and air sampling. As it relates to air
monitoring instruments, which are useful tools for quickly collecting large amounts of
information across the many organic and inorganic airborne hazards at a hazardous waste
site, the problem is in their inherent non-specificity and varying degrees of inaccuracy.
For example, the PJD was normally calibrated to some reference compound like
isobutylene, and as such, its response to non-calibrated compounds required the manual
adjustment of the instrument's readout based upon standardized response factors. For
example, a PID calibrated against a 10 part per million (ppm) calibration standard of
benzene, which is indicating 20 ppm of a known source of trichloroethylene, would in
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actuality be equivalent to 17.8 ppm based upon the applicable response factor (Andrews
163). This matter is complicated in practice at hazardous waste sites where hosts of gases
and vapors exist as a mixture, thus resulting in significant over or
under-estimations of
the actual concentration of the contaminants (Andrews 163). Further, air monitoring
equipment in general was replete with other technical limitations, such as mechanical or
battery failure, temperature/humidity/weather sensitivities, chemical interferences, user
error, and cost, just to name a few. Hence, while the efficient collection of survey
information was a great advantage of air monitoring equipment, the proper use, care,
calibration and technical limitations of air monitoring equipment was a serious
disadvantage.
As it relates to air sampling, the near opposite in terms of tradeoffs holds true.
For example, the sampling for PCB's as noted above was performed in accordance with
accepted and standardized air sampling methodologies, so as to maintain the levels of
accuracy and specificity as afforded by the method. Further, while air monitoring with
survey equipment generally represents the concentration of a contaminant at a certain
point in time, air sampling allows for the determination of time-weighted exposure
averages, which are required to compare against occupational exposure limits. However,
air sampling techniques too have a number of inherent disadvantages. One concerns the
time intensive requirements associated with preparing collection media, calibrating
sampling pumps, recordkeeping and other quality control practices to ensure that a single
data point remains accurate and precise. Secondly, as individual samples were often
compromised by field deployment, either due to worker mishandling or more likely the
combination of inherently difficult terrain, hot environments and PPE upon workers
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wearing air sampling equipment, a significant amount of time, energy and expense was
frequently wasted. Finally, since air samples then had to be remitted to a laboratory for
analysis, which, dependent upon the turn-around time the project was willing to pay for,
could be anywhere from 3 to 10 days, air sampling did not provide readily available data
to enhance decision-making. Hence while the more accurate and precise air sampling
techniques addressed the technical shortcomings of air monitoring, the logistical
disadvantages were an equally significant drawback.
The second problem that developed with the traditional air monitoring and
sampling strategy was more practical in nature, yet tied intimately to the technical and
logistical problems noted above. Based upon the technical limitations of real-time
monitoring and the logistical constraints associated with air sampling, decision-making
tended to be conservative, relying more heavily upon the readily available air monitoring
data, with later air sampling data utilized as the verification of that decision-making. In
other words, decisions to either upgrade the level of worker protection or restrict work
methods from engaging in more aggressive remedial tactics through air monitoring alone
was commonplace, so as to err on the side of precaution and avoid a potential exceedance
of an occupational exposure limit or environmental action level. However, consider
Table 2 below, which is a listing of all air sampling events for the identified contaminants
over a six-year period preceding the remediation of site M, taking note of the following
issues. First of all, most of the samples that will be tabulated as a single event were
analyzed for a number of contaminants. For example, most VOC samples could be
analyzed for a number of specific parameters, such as benzene, vinyl chloride and
trichloroethylene, just to name a few. So, the numbers reported below in actuality
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represent many more individual parameters analyzed for than are actually reported.
Secondly, this listing also includes field blanks, which are quality control blank samples
remitted to the lab alongside collected samples, at a normal frequency of approximately 1
blank per 5 remitted. Third, this listing does not include or pertain to any physical hazard
monitoring, such as noise or heat stress, nor does it pertain to particulates not otherwise
classified, i.e. dust. Finally, this list is without any consideration of control methods
employed that were intended to reduce the level of exposure to the contaminant, and will
not discriminate between personal, general area, and environmental air sampling.
Table 2













168 49 188 299 21
Across these 725 individual samples remitted to the laboratory for analysis, in addition to
the thousands of individual parameters analyzed, only three detections above the
applicable occupational exposure limit or environmental action level were recorded.
However, as these three exceedances were only for heavy metal samples during welding
activities, such that when one factors in the protection afforded by PPE donned at the
time of collection, no single exceedance in fact actually occurred. Hence, as the actual
exeedance of an applicable occupational or environmental limit as determined through air
sampling was a practical non-occurrence at the project, one has to consider whether the
practical yet conservative decision-making based primarily upon air monitoring was too
conservative. If in fact this approach was too conservative, and the decisions to upgrade
levels of protection and/or restrict remedial work methods was often unwarranted, then
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the practicality of this air monitoring and sampling strategy, along with the
inherent time
delays and equipment costs associated with it, must be called into question.
In light of these two problems associated with the traditional air monitoring and
air sampling strategy, the remedial team was charged with improving that strategy during
the design and execution of site M. However, to further complicate this task, new
airborne hazards also had to be addressed by the air monitoring and sampling strategy.
Not only was site M the last major site to be remediated at the multi-year project, it was
also the last documented dumping area where the facility had disposed of a number
extremely hazardous substances. One of these substances was vinyl chloride, which is an
ACGIH class Al carcinogen with and OSHA permissible exposure limit (PEL) of 1 ppm.
With a PEL this low, and in light of the practical limitations of using air monitoring
equipment in the survey mode to effectively discern this contaminant from the complex
mixture of other VOC's, it was predicted that Level B protection would be required for
the duration of remediation at site M. As this level of protection was extremely costly, in
terms of training, equipment utilization and time constraints, the project wanted to be
certain that Level B was the properly selected level of protection based upon actual risk
factors, and not potential risk factors. Hence, the full challenge facing the project was to
devise an air monitoring and sampling strategy that improved upon the traditional
technical, logistical and practical limitations, and was sufficient to address the new
concerns relative to VOC hazards at the site.
6.2. b Rationale Comparison
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In consideration of the historical problems associated with the traditional air
monitoring and sampling strategy at the project, and the additional challenges
posed by
site M, a new strategy was devised with the possibility of addressing many of these
concerns. The remedial team implemented a new technology, making use of an
instrument known as a portable gas chromatograph (GC), so as to hasten decision-making
based upon a more sensitive real-time air sampling methodology for VOC's. A GC
consists of an injection system, a GC column and a detector, whereby an ambient air or
liquid sample is injected into the instrument and moved by a carrier gas to be separated
within the GC column, and then measured by a detector (DiNardi 194). The specific
portable GC utilized was a SRI model 4100, with both a 10.6 eV PE) detector, and a
Flame Ionization Detector (FDD). This portable GC generated peaks on an attached
microprocessor, known as a chromatogram, following the introduction of ambient air
samples collected utilizing tedlar bags, which could then be quantified by manually
comparing the peaks with known concentrations of calibration gas peaks introduced into
the instrument. The calibration gas included known concentrations of vinyl chloride,
cis-
1,2 dichloroethylene, trichlorethylene, and two xylene polymers, all of which were
contaminants known to exist at the site. Hence, as this new strategy was ultimately
selected by the project team to address some of the air monitoring and sampling problems
facing site M, the sections that follow will examine the rationale behind this critical
departure with the more traditional strategy.
As it relates first to the technical problems associated with the traditional air
monitoring and sampling strategy, it should first be pointed out that since the new
instrument only addressed the improved identification and quantification of VOC's, then
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it is only this parameter that will examined accordingly. Relative to the air monitoring
equipment traditionally utilized for VOC's, the standard PID that was utilized was a
Thermo-Environmental OVM-B. As per the manufacturer specifications noted in
Attachment 7 below, this PID was equipped with a 10.6 eV lamp, meaning that it was
sensitive to most of the contaminants present as part of the VOC waste stream at site M.
However, despite the fact that it was sensitive down to 0.1 ppm, it was a non-specific
instrument that could not effectively discern between any of the VOC contaminants
known to exist at the site (DiNardi 187). Relative to the air sampling equipment and
strategies traditionally utilized for VOC's, a 3M passive organic vapor badge was
normally employed. This badge was deployed for a sampling period not to exceed 8
hours, and was subsequently analyzed by a laboratory in accordance with the appropriate
analytical methodology. As per the manufacturer specifications, the passive badge had
an accuracy rating of +/-25% (3M web site). Further, it had an overall sensitivity as per
the applicable NIOSH method for vinyl chloride, which was the most important VOC
contaminant of concern, down to 0.06 ppm (NIOSH web site). Comparatively, the
portable GC's sensitivity was a function of a number of factors, such as the presence of
other compounds that move through the GC column at the same time as the compound of
interest, baseline electrical
"noise"
that make it difficult to see small peaks on a
chromatogram, and column type/length, carrier gas flow and oven temperature
(Confidential communication). As such, given the technical characteristics of the
portable GC and the two detectors utilized, as well as the nature of the interferences by
electrical
"noise"
and similar compounds of interest, the portable GC was sensitive down
to 1 ppm for vinyl chloride (Confidential communication). However, since the PID
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detector had relatively no interferences from other compounds in the vinyl
chloride
range, the operator could confidently conclude that vinyl chloride
concentrations were
below 0.5 ppm when the instrument did not detect any peak for the compound
upon the
chromatogram (Confidential communication). So from a technical perspective, air
monitoring with a PED could not quantitatively discern between various VOC mixtures
in
an ambient atmosphere, while air sampling with a 3M badge was sensitive down to 0.06
ppm for vinyl chloride. Hence, the portable GC's sensitivity range of 0.5 to 1 ppm for
vinyl chloride can be established as a technical compromise between the two traditional
methods.
As it relates to the logistical problems associated with the traditional air
monitoring and sampling strategy, it has already been established that air monitoring
provided instantaneous survey data that poorly discerned between various VOC's, and air
sampling data provided more accurate and precise data at the expense of the lag time
between sampling and analysis at the laboratory. Comparatively, step 1 in using the
portable GC required the deployment of an air sampling pump calibrated to 0.1 liters per
minute, a 1 -liter tedlar bag and a
"lung"
sampler, so as to collect ambient air samples as
needed over the course of approximately 5-15 minutes. Following the collection of the
sample, step 2 was to mark the tedlar bag for identification purposes, and deliver it to the
portable GC for injection, separation, and peak determination by the two detectors, which
would take approximately Vi hour for a complete GC run. Finally, the GC operator as
step 3 would quantify the peaks by a mathematical comparison with the known standards,
taking approximately another Vi hour. Collectively, from the time of deploying the
sample train to collect the ambient air samples, through to the analysis and quantification
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steps, the time frame could conservatively be estimated to take 2-3 hours
for a single air
sample. With a sample turn-around time of such short duration, the use of the portable
GC represented only a modest delay in comparison to air monitoring, but a significant
improvement to the 3 to 10 day turn-around time in comparison to air sampling. Hence,
the use of the portable GC could be construed to be a near real-time air sampling strategy,
with crucial logistical advantages over the traditional air monitoring and sampling
strategy.
As it relates to the final problem associated with the practicality of the traditional
air monitoring and sampling strategies, it has again already been established that
decision-making tended to be conservative in determining worker levels of protection or
remedial work method restrictions based upon the potential for exceeding the appropriate
regulatory limits. A case in point occurred during the remediation of site E from Table 1
above. Since the utilization of standard survey instrumentation for VOC's at site E could
not conclusively identify and quantify the airborne hazards representing risk factors to the
personnel, Level B protection was employed. However, in reviewing the air sampling
data following the conclusion of the site E remediation, no occupational exposure limits
had actually been exceeded, meaning that Level B had not been necessary.
Comparatively, the use of the portable GC, calibrated against a standard of the most
toxicologically dangerous VOC's known to exist at site M, including vinyl chloride, cis-
1,2 dichloroethylene and trichloroethylene, would provide the enhanced ability to identify
and quantify those parameters in the near real-time. Thus, the need for workers to donn
Level B protection based upon the actual presence of certain VOC's in concentrations at
or above regulatory thresholds could be confidently ascertained. Further, otherwise
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lesser contaminant concentrations below those thresholds would accordingly require
lesser levels of protection with the same levels of confidence. Hence, the determination
of the required levels of protection as per the results of near real-time air sampling would
practically improve the traditionally conservative decision-making, based upon actual and
not potential airborne risks.
6.2.c Rationale Evaluation
Having established the comparative characteristics of both the traditional and the
new air monitoring and sampling strategies based upon select criteria examined during
the remedial design phase for site M, the discussion that follows will evaluate the use of
the portable GC. This evaluation will briefly discuss certain performance characteristics
of the strategy in practice, and will then cite external literature to provide further
objective insight into those strategies as such.
Consider the performance of the portable GC in practice across the technical,
logistical and practical considerations discussed above. First of all, it should be noted
that the instrument did not wholly replace traditional air monitoring and sampling
strategies. Rather, the utilization of the portable GC became another important and
useful tool that enhanced the traditional methodologies accordingly. Technically
speaking, the portable GC was able to effectively identify the presence of the five
specific compounds of interest that the instrument was calibrated against for subsequent
quantification, which the traditional PID could not. Attachment 8 below provides two
chromatograms to support this point. The first chromatogram pertains to the calibration
gas standard as analyzed on the PID detector, while the second chromatogram pertains to
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an ambient air sample analyzed afterwards on the PID detector, positively identifying
three of the five known compounds. Therefore, it is established that the portable GC can
be used to better discern between specific compounds of interest in a mixture.
From a logistical perspective, the use of the portable GC became a regular tool to
assess ambient airborne conditions in both a quicker and more effective manner than had
originally been expected. For example, as both chromatograms from Attachment 8
illustrate, the peaks for vinyl chloride came out of the GC column after a retention time
of approximately 1 minute. In other words, the estimated time frame of 2-3 hours for the
analysis of an ambient air sample, specifically relative to this most significant compound
of interest, was reduced even further by this short retention time. So, reliable feedback
on vinyl chloride concentrations were even shorter than had been expected. In fact, the
portable GC was so expedient, its utilization expanded beyond the confines of site M, to
sites where similar airborne hazards made its utilization logistically useful.
From a practical perspective, the hastened identification and quantification of
vinyl chloride, in addition to the four other compounds of interest, allowed for much
more practical and cost-effective decision-making, based upon actual airborne risk
factors. In effect, approximately one-third of the remediation of site M was allowed to
proceed in Level C protection, mandating only the use of air-purifying respirators. Thus,
the use of the more costly and time/equipment consuming Level B was avoided to an
extent. Further, despite the fact that the remaining two-thirds of site M had to be
remediated with workers in Level B protection, a review of the air sampling data for the
site again reveals that not a single over-exposure to vinyl chloride or any other compound
of interest occurred. In total, some 634 VOC samples and 74 PCB samples were
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collected at the project during the calendar year in which site M was remediated, the vast
majority of which were collected at site M or the on-site landfill receiving site M wastes
for permanent disposal. And, though this data does not provide evidence that wholly
conservative decision-making was avoided, it nonetheless establishes additional room for
improving the portable GC technique, such that the gap between actual and potential
airborne risks to the project's workers could have been further closed.
From a more objective standpoint, a number of issues need to be addressed. First
from a technical perspective, portable GC's by their very nature represent a number of
compromises between an instrument easily used in the field and one with full laboratory
capabilities, such that certain specificity and sensitivity concessions must be made in
order for the instruments to be portable (Woebkenberg 159). And, although an
evaluation of the specificity and sensitivity properties of the portable GC utilized at site
M is beyond the scope of this investigation, suffice it to say that one source has reported
some interesting results in comparing a laboratory-grade GC with a portable GC. In this
comparison, the source reports that although both GC's produced values slightly lower
than the standards analyzed, they were both within 10% of the standard concentration,
and within 10% of one another (Woebkenberg 161). Therefore, assuming that the daily
quality control GC run against a calibration standard of 5 known compounds of interest at
site M was sufficient, then the ambient sample data the instrument produced was
justifiably reliable.
Secondly, another source concisely corroborates both the logistical and practical
problems discussed above, as follows:
"The problem with using the typical industrial hygiene approach at a hazardous waste site
is its reliance on air sampling data. The episodic (variable) nature of our workmeans that
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results of air samples collected last Tuesday poorly predict the exposures that we
will
experience next Thursday. This lack of prediction is why the hazardous waste industry
focuses on the use of direct-reading instruments. For years it was the typical industrial
hygiene practice to collect a direct-reading air measurement and compare the value with
the exposure limit for the most restrictive compound that we thought was present. This
procedure put personnel in respirators when the contaminants were well below limit
values. Work teams still use this procedure when elevated exposures are unlikely
(Marlowe- 1
18)."
As a remedy to this problem, this source asserts that IH's could continue to utilize
broad-
spectrum real-time air monitoring instruments like a PID in light of these problems,
provided they:
Limit the contaminants of concern to the shortest list possible;
Review the list of contaminants and limit values to pick an action level that protects
against the materials that are present on the site in greatest concentration; and
Develop a strategy for deciding when to measure the compounds with low exposure
limits to eliminate concern about exposure to them (Marlowe- 1 18).
However, other sources would suggest that this method of continuing to rely upon
the traditional air monitoring and sampling strategies are insufficient. For example, a
recent roundtable discussion concerning research needs for hazardous waste health and
safety provides an interesting perspective. One speaker notes that since the
instrumentation of the past often drives more protection than is actually required, thus
increasing the risk of injury and heat stress, new instruments are needed to provide more
complete characterization of the materials being measured (Marlowe-2 28). Further,
another source concluded that, "Because the portable GC can process data immediately, it
is of great value for the rapid screening of hazardous wastes sites, chemical spills, and
other sources of airborne organic vapors (Woebkenberg
160)."
Hence, while there
appears to be some disagreement between these sources as to whether the traditional air
monitoring and sampling
methods simply need improvement or a complete overhaul, one
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may nonetheless conclude that portable GC's present some significant logistical and
practical advantages to those more traditional methods.
Finally, a number of other limitations of the portable GC technique need to be
discussed. First of all, the site M remedial construction firm was large enough that it had
a portable GC available to deploy to the site, such that the equipment's cost was not a
significant financial burden. However, as the approximate cost of a new portable GC can
near $20,000, the financial burden to other less diversified remediation projects may play
a more significant role in deciding whether or not to employ such a technology
(Woebkenberg 161). Similarly, the technical nature of a portable GC mandates an
equally high degree of operator skill, which is perhaps an even greater cost and training
time consideration. For example, not only does an operator need to know the
instrument's operational parameters and calibration requirements, he/she also needs to be
skilled enough so as to understand that a single peak may represent multiple compounds
with the same retention time, as well as the fact that the absence of a peak does not
ensure that a compound is not present (DiNardi 195). Further, while some manufacturers
tout their equipment as being able to identify "unknowns", one source correctly
establishes that portable GC's in fact are another type of "field screening
method"
(Woebkenberg 159). This fact can be visualized in reviewing the second chromatogram
in Attachment 6. Despite the fact that the portable GC utilized positively identified 3
peaks relative to the compounds of interest the instrument was calibrated against, it also
identified 5 unknown peaks. Hence, the ability of the portable GC to identify compounds
of interest for subsequent quantification is arguably only as good as the background
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knowledge of the compounds known to exist, such that the instrument can be accordingly
calibrated to recognize them.
6.2.d Summary
In summary, the hazardous waste remediation project of focus in this study
historically employed a diverse industrial hygiene approach so as to evaluate the air
quality risks posed to workers, both in the acute and chronic sense. As such, the
traditional air monitoring and sampling strategies adopted a two-part approach to achieve
this goal. However, as the technical, logistical and practical shortcomings of this
traditional approach lead to relatively conservative decision-making at the project, based
upon the potential risk for an over-exposure to occur, the use of a new technology was
employed so as to better identify and quantify certain compounds of interest, and improve
subsequent decision-making and cost-effectiveness. And, though this new technology
does have a number of limitations that need to be taken into consideration by those faced
with similar dilemmas, its general effectiveness at site M establishes this critical
departure with airmonitoring and sampling strategies of the past to have been a success.
6.3 Physical Hazard Strategy
6.3.a Background Problems
Along with the more obvious chemical hazard focus of the HAZWOPER
standard, the identification and abatement of the various physical, mechanical, or
otherwise non-chemical hazards associated with remediation activities is another critical
hazard mitigation and control element of the standard. As per Part b of the standard, "a
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safety and health risk or hazard analysis for each site task and operation found in the
work
plan"
is a required element of the site Health and Safety Plan (29 CFR 1910.120).
Further, as per Part d of the standard, standard operating procedures or safe work
practices associated with controlling employee exposures to hazardous
substances also
directly applies to the control of physical and chemical hazards at a hazardous waste site
(29 CRF 1910.120).
In spite of these and other specific elements of the HAZWOPER standard, a
general statement supported by relevant literature can be made concerning the traditional
hazard focus at the project. In practice, chemical as opposed to physical hazards were
perceived as posing the most significant risk to remedial personnel, and so warranted
most of the attention in terms of hazard recognition, evaluation and control strategies
(Akbar-Khanzadeh and Rejent 669). Nonetheless, in accordance with these two
requirements, the remediation project of focus developed two traditional ways to address
non-chemical or physical/process hazards in general. As it relates to the required safety
and health task analysis, each HASP had a section titled Task/Operation Safety and
Health Risk Analysis, which listed both the various chemical hazards known to exist at
the site, as well as the various physical hazards. The physical hazard subsection
methodology would be to list a number of generic hazards site workers would likely
encounter, along with an equally generic list of hazard abatement strategies. Examples of
physical hazards addressed by this methodology include excavation hazards,
electrical/utility hazards, noise hazards, heavy equipment hazards, and perimeter hazards.
Attachment 9 provides an example of a one of these physical hazards, soil excavations,
addressed in this manner as per and excerpt from an earlier HASP. As it relates to the
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required standard operating procedures (SOP's) or safe work practices, each HASP had a
single table outlining similarly generic control measures, which were required to be
posted at the personal decontamination facility. These SOP's were known as Standing
Orders for both the zone of contamination and the contamination reduction zone, a copy
of which is included in Attachment 10 below.
Accordingly, a number of general problems associated with the traditional
physical hazard strategy can be identified. The first concern is the absence of a
preliminary physical hazard assessment relative to new technologies introduced upon the
project. During the earliest years of the remediation project when landfills were the
predominant focus of remedial activities, the generic approach described above seemed
practically adequate, based upon the relative simplicity of the technologies involved. For
example, landfill's A, B and C from Table 1 above involved simple waste grading and
stabilization techniques, so as to secure the waste stream under a RCRA cap. Likewise,
landfill's D, E and F utilized waste excavation, transportation and disposal techniques, all
of which involved similarly simple technologies based principally upon the physical
manipulation of wastes with heavy equipment. However, as the project evolved and
more advanced technologies were implemented to achieve remedial objectives, the use of
this generic physical hazard strategy became more problematic. For example, unlike the
first six sites, four of the remaining six remediation sites excluding siteM, namely site G,
H, J and K, all involved diversified remedial approaches, utilizing technologies much
more sophisticated than the first six sites. Hosts of additional physical hazards then, such
as crush/pinch hazards, lockout/tagout concerns, wastewater treatment hazards and
confined space hazards, were introduced upon the project by a remedial process much
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more technologically complex. Further, a considerable amount of effort was required to
identify and mitigate those new physical hazards not specifically and programmatically
addressed in the HASP. This oftentimes included such things as equipment
modifications, alterations to the PPE program, and purchases of new air
monitoring/sampling equipment, just to name a few. Hence, the traditional strategy of
addressing the physical hazards associated with a new technology during the operational
stages of remediation lead to an insufficient assessment of the non-chemical related
hazards facing remedial personnel.
A second general problem that developed with this traditional physical hazard
strategy, which in many ways is directly related to the insufficient assessment problems
noted above, concerns employee training. All project employees were required to be 40-
hour trained in accordance with the HAZWOPER standard, and go through an initial
Project Indoctrination before beginning work at the project. Once assigned to a
remediation site, or as a new site began the initial stages of remediation, all workers were
required to go through a Site Indoctrination that focused heavily upon chemical hazard
issues. This included the contaminants of concern, and the various engineering, PPE, and
administrative or safe work practice control measures to mitigate chemical exposure
hazards. The traditional physical hazard training strategy would be to summarize the
categorical hazards as outlined in the HASP in an equally generic fashion. To
supplement this generic strategy, additional physical hazards identified after the startup of
a remediation site would be addressed from a training perspective at weekly safety
meetings. This reactionary strategy based largely upon the noted assessment
shortcomings elevated the risks of employee injury and illness during the initial stages of
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a new technology's deployment, until such a time that the appropriate control measures
could be defined and conveyed to the workers.
Finally, consider Table 3 below, which identifies how this traditional chemical
hazard oriented strategy manifested itself at the project. The data in this table represents
a tabulation of every OSHA recordable injury and/or illness compiled over a seven-year
period preceding siteM, along with the principal causes associated with the injury/illness.
Although this data does not concern itself with incidents other than OSHA recordable
injuries/illnesses, and does not convey any root cause information, it nonetheless
establishes an interesting pattern relative to the prevalence of recordable incidents.
Table 3
Cumulative Project OSHA Recordable Injury/Illness Totals: 93-99
Injury/Illness Type Number Tallied
Falls from different level while stepping, leading to strain/sprain 15
Falls from different level, striking another object 11
Falls from same level while stepping, leading to strain/sprain 8
Falls from same level, striking another object 3
Foreign body in the eye 16
Overexertion while lifting/pushing/pulling/carrying 26
Struck by tool, flying or moving objects, ormachine in use 15
Cut/laceration by non-powered hand tool or object being handled 27
Contact with harmful chemical agents 2
Contact with biological plants/insects 10
Contact with electrical current 1
Contact with hot objects 2
Contact with hot work/welding activities 2
Total Number of Injuries/Illnesses Tallied 138
On face-value alone, considering that only the 2 "contact with harmful chemical
agent"
injuries, as well as some of the "foreign body in the
eye"
injuries, could be construed to
be chemical hazard related, the otherwise vast majority of OSHA recordable injuries and
illnesses can be construed to be physical hazard related. If one assumes that the number
of tallied OSHA recordable injuries/illnesses fairly evaluates the effectiveness of the
project to abate certain hazards, then the project of focus was relatively effective in
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abating hazards that were chemical in nature, and much less effective in abating hazards
that were physical in nature.
The remedial team was charged with improving the traditional physical hazard
strategy in light of these problems during the design and execution of site M. However,
to further complicate this task, new physical hazards associated with a novel remedial
technology also had to be addressed. Unlike the historic technologies, which utilized
heavy mobile equipment or otherwise established remedial techniques commercially
available throughout the remediation industry, a new technology was designed and
developed to accomplish a number of unique and site-specific objectives. Not only did it
have to handle a waste stream in a lagoon setting known to have initiated a flash fire in
the past, it also had to perform pretreatment functions upon a waste stream known to
contain vinyl chloride and other dangerous VOC's, all the while being operated by
personnel in various types and varieties of PPE. This technology employed a mechanical
shroud, suspended from an excavator bucket into the waste stream, through which
nitrogen or air could be swept to inert or otherwise inhibit the accumulation of flammable
vapors in sufficient concentration so as to support ignition. Further, powdered reagent
would be pneumatically injected into the shroud to stabilize the waste to be mixed by an
appendage upon the end of the excavator, while all captured off-gasses within the shroud
would be conveyed to an air treatment system, consisting of a baghouse scrubber and two
carbon adsorption devices. Though it is not the intention of this document to further
discuss the intricacies of this novel technology, it was replete with physical hazards
across a host of mechanical, electrical, chemical and technical arenas that the project had
not seen before. Hence, the full challenge facing the project was to devise a physical
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hazard strategy that improved upon the traditional problems noted above, and
was
sufficient enough to address the concerns relative to the novel technology to be utilized at
siteM.
6.3.b Rationale Comparison
In consideration of the historical problems associated with the traditional physical
hazard strategy, and the additional challenges posed by site M, a number of individual
strategies were devised with the possibility of addressing many of these concerns. First
of all, a two-part process was devised to better assess the physical hazards posed by the
highly sophisticated nature of the remedial technology. Part one was to utilize a
preliminary process hazard analysis to maximize the safety of the technology by
engineering and design. Part two was to engage in a pre-production pilot-study project to
demonstrate and test the effectiveness of the defined control measures associated with
that technology. Secondly, another two-part process was devised to improve the
traditionally generic employee training methods relative to physical hazards. Part one
was to write the HASP to more programmatically address site-specific physical hazards.
Part two was to make use of an Activity Hazard Analysis technique to act as both a
training tool and site-specific SOP. Ultimately, it was hoped that by combining these
strategies so as to elevate the relative significance of physical hazards versus the
traditionally prioritized chemical hazards, the disparity in the number of injuries/illnesses
associated with non-chemical hazards could be corrected. Hence, the sections that follow
will examine the rationale behind this critical departure with the more traditional physical
hazard strategies implemented at the project.
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As it relates to the physical hazard assessment problems associated with new
technologies, consider first the issues a new technology introduced during the
remediation of site G from Table 1 above. At this site, a technology was introduced that
mixed water with pneumatically introduced cement to form slurry, which
was
subsequently injected into the lagoon waste stream for stabilization purposes. However,
two unforeseen events occurred. First, two significant injuries transpired from
unanticipated hazards, leading to one restricted and one lost-time injury. Secondly,
particulate emissions in excess of regulatory limits occurred. As a result, the technology
was eventually abandoned under direct pressure from both external state regulators, and
from internal management entities. As such, one can construe that the ineffective
evaluation of the technology and its associated physical hazards directly resulted in both
personnel injury, as well as a significant waste of time, equipment costs and money.
Comparatively, the site M remedial team sought to address the various physical hazard
considerations associated with the proposed technology at the earliest stages of design, by
first using an internal procedure known as a HAZOP. This procedure is one borrowed
from Part e of the Process Safety Management (PSM) standard, concerning an initial
process hazard evaluation, so as to identify, evaluate and control the hazards involved
with a certain process (29 CFR 1910.119). Though the procedure was not specifically
required from a regulatory perspective, the function of the HAZOP was to brainstorm the
ways in which the various mechanical, electrical, and otherwise physical hazards of the
proposed technology could manifest themselves. Thereafter, modifications to the design
of the equipment or procedures involved in the process would be made, in order to avoid
the realization of the many physical hazards. Further, the effectiveness of the designated
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technology was to be demonstrated by a pilot-study program. During this
non-production
oriented phase, the technology would be subjected to additional scrutiny across both
operational and health and safety criteria, to further assess the physical hazards
and
various hazard control methodologies. This new two-part strategy aimed at better
assessing the physical hazards associated with a new technology in both the design and
pre-production phases of site M, and also represented both practical and technical
advantages to the traditional approach of assessing physical hazards during the actual
remediation phase.
As it relates to the traditional employee training methods concerning physical
hazards, consider again Attachments 9 and 10 below. As discussed above, physical
hazards were addressed programrnatically by the HASP'S in a non-specific manner, and
the only generated SOP concerned Standing Orders for the zones of contamination and
contamination reduction. Therefore, employee training concerning physical hazards
tended to be relatively generic, and moreover reactionary based upon specific hazards
that manifested themselves during actual remedial activities. Comparatively, two new
physical hazard training techniques were to be introduced for site M. First of all, the
section of the HASP addressing physical hazards was to be written so as to specifically
address certain activities involved during remedial activities, such that the initial Site
Indoctrination training was less generic. For example, consider the excerpted physical
hazard from the site M HASP in Attachment 11 below. Unlike Attachment 9, this
excerpt specifically identifies hazards tied to a physical process, and the various hazard
abatement tactics to be employed to mitigate those hazards. Secondly, the use of an
Activity Hazard Analysis (AHA) technique was also devised. This technique would not
B.Hansen Graduate Project 77 5/qj
Occupational Health & Safety Innovations in the HazardousWaste Remediation Industry
only identify the individual steps comprising a larger activity, along with the hazards
and
control measures associated with each task, it was also designed such that job
supervisors
and remedial workers themselves would write them. Thereafter, completed AHA's
would become the essential guidance and training tools concerning those activities with
significant physical hazards, and would be posted at the worker decontamination trailer
as the site SOP's. Attachment 12 below provides an example of one such completed
AHA for site M. This second two-part strategy then, would improve the ability to train
workers by programmatically addressing major activities within the HASP, and by
generating working procedures addressing individual tasks with employee participation.
6.3.c Rationale Evaluation
Having established the comparative characteristics of both the traditional and the
new physical hazard abatement strategies based upon select criteria examined during the
remedial design phase for site M, the discussion that follows will evaluate the
implementation of these new strategies. This evaluation will briefly discuss certain
performance characteristics of the strategies in practice, and will then cite external
literature to provide further objective insight into those strategies as such.
First, the HAZOP procedure was utilized through at least three brainstorming
meetings held with representatives from all three firms, so as to integrate various EH&S
considerations with the technological considerations associated with the process. An
example of one such consideration concerns communication. Though the original design
had called for a series of in-line analyzers to quantify the buildup of flammable vapors
within the shroud mechanism, thereby alerting the shroud operator with lights as to when
the flammable threshold had been exceeded and activities should halt, a more practical
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approach was developed. As the buildup of flammable vapors could also be
visualized
on a monitor by technicians positioned at the air treatment equipment, personal
communication devices were implemented that allowed those technicians to speak
directly with the shroud operator. This allowed the slow down or halting of the operation
of the shroud well before the flammability threshold could be exceeded as a more
precautionary measure. Secondly, a 4-week non-production oriented pilot-study was
utilized so as to test the effectiveness of the technology across various criteria.
Interestingly enough, not only did this pilot-study provide ample opportunity for the site
team to assess and/or amend those physical hazards that in actuality were of significance,
it also allowed the team to make production oriented changes so as to increase the cost-
effectiveness of the technology. An example of a physical hazard that was avoided
through the pilot-study concerned the physical positioning of the shroud. Though it had
been predicted to involve close personnel interaction with the suspended equipment by
way of hand positioning through tag lines, the equipment's positioning was altered in a
fashion that removed personnel from such close proximity to heavy suspended loads.
Further, a physical hazard that had not been identified concerned the noise associated
with the air treatment equipment. This subsequent physical hazard identification then
required the deployment of suitable hearing protection. Hence, the use of these two
techniques to better assess and evaluate the physical and other hazards associated with a
new technology can be established.
From a more objective standpoint, consider a 1996 guidance document addressing
the anticipation of hazards associated with various cleanup technologies. In relation to
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the use of some of the elements of the PSM standard and its applicability to the
hazardous
waste arena, this guidance document conveys the following:
"Although the requirements of the PSM (standard) apply only to specific processes, the
principles and guidance of the standard can be used in addressing safety and health
hazards and prevention actions for cleanup technologies. The goals of the PSM
standard
are to build safety into the process up-front, and then keep the process operating safely
for its entire life cycle (NJEHS/USDOE-3
1-1)."
This source goes further in detailing the various steps in fully applying the principles of
the PSM standard to cleanup technologies as follows:
1. Compile hazard information, technology process information, and process equipment
information;
2. Conduct a Process Hazard Analysis, using techniques such as "what-if checklists",
"failure mode and effects analyses", and "fault tree analyses";
3. Develop written operating procedures;
4. Train personnel; and
5. Conduct inspections (NIEHS/USDOE-3).
Although site M's application of the PSM standard can be construed to have complied
with Step 2 only from the above list via the use of the HAZOP technique, it nonetheless
represents steps in the right direction for building safety into a process during the design
stages of a new technology.
Secondly, the same published roundtable discussion cited above addressing
research needs for hazardous waste health and safety contains a relevant statement in
reference to the use of similar pre-production pilot-study. One speaker "advocated (the)
evaluation of the health and safety impacts of a project during the pilot-study stage, not




Although this may appear to
substantiate the strategy used at site M, others may disagree. One source specifically,
concerning the technology development process, describes emerging remediation
technologies as being developed "in a well defined procedure that begins with an idea,
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(NIEHS/USDOE-2 4). Further, as this source asserts, it is only after
this rigorous process that a technology can be commercialized, with its
ultimate
effectiveness to be demonstrated thereafter through competition in the marketplace
(NIEHS/USDOE-2 4). However, as the novel technology used at siteM was subjected to
only a few of the steps in this "well defined procedure", and moved immediately from
pilot-study to implementation in the field, one has to consider whether or not site M's
pilot-study was in actuality nothing more than pre-operational troubleshooting. If in fact
this was the case, and what was referred to as a pilot-study at site M was something
entirely less by other competent definitions, then the context and relative significance of
this pre-production phase would need reevaluation by projects facing similar dilemmas.
Concerning the new employee training techniques in practice, the HASP for site
M in its final version ended up employing elements of both the traditional and new
physical hazard strategy. For example, it retained the technique of addressing some
physical hazards and their control strategies non-specifically, such as those concerning
noise, heat stress, and underground utilities. However, it also included site-specific
strategies, like the one included in Attachment 11, in addition to the physical hazards
associated with waste loading/hauling activities, and perimeter/non-site activities.
Additionally, within the physical hazard subsection of the HASP, it also made specific
reference to other physical hazards that would be identified and abated through the use of
the AHA format. Accordingly, at least eight specific AHA's were written by the job
supervisor and site workers before the start of the pilot-study activities, all of which were
subsequently reviewed and approved by the EH&S department. These completed AHA's
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were then adopted as the SOP's for the site, were individually reviewed during the Site
Indoctrination training, and were posted at the decontamination facility for availability.
Hence, the use of these two techniques to better facilitate employee training upon the
known and specific physical hazards present at site M establishes a more thorough
approach than the generic employee training methods used traditionally.
From a more objective standpoint, a number of issues need to be discussed. First
of all, reconsider the basic requirements of the HAZWOPER standard relative to the
"safety and health task
analysis"
and SOP's noted above. Since both of these elements
are critical precursors to employee training, it may be argued that the generic strategies
the project traditionally developed did not comply with these requirements. However, a
joint EPA/OSHA audit of 11 Superfund sites conducted over a four-year period from
1993 to 1996 may help to illustrate just how pervasive this generic physical hazard
strategy is on hazardous waste sites. In these non-enforcement oriented audits, a number
of common deficiencies were noted, one of which is significant to the issue at hand.
According to this audit report, "task-specific hazard analyses must lead to the
development of written standard operating procedures (SOP's) that specify the controls
necessary to safely perform each
task"
(OSHA web site-1 15). Further, "none of the sites
audited had developed comprehensive, site-specific SOP's that specify the controls
necessary to complete each
task"
(OSHA web site-1 16). Although this noted deficiency
establishes that the project too was perhaps equally deficient by way of its traditional
approach of employee training based upon generic physical hazard assessment
procedures, the new strategies appear to rectify this pervasive shortcoming.
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Relative to the AHA technique, which is synonymously referred to
throughout
literature by other phrases like job hazard analysis (JHA) or job safety analysis (JSA), it
is a simple yet effective tool to identify job-related hazards through a series of
step-by-
step tasks, according to one source (Blotzer 1). Not only does it properly identify the
hazards associated with each task and the necessary controls and procedures to
abate
them, but as a written document, it also provides "a permanent record that can be shared
with management and employees to help them understand the hazards associated with
their
work"
(Blotzer 1). According to another source, the three essential steps to the
effective use of this technique are identification, training and communication (Sutcliffe
1). This source further asserts that the use of these techniques increase the true
accountability of employees and management within a safety and health program
(Sutcliffe 1). Hence, the site M AHA technique incorporated many of these steps to more
thoroughly evaluate job-related hazards and convey that information to workers, and
coupled those efforts with greater employee involvement. Therefore, it can be
established that the use of such a technique was a critical improvement over the strategies
of the past.
Finally, consider again the injury and illness data tabulated for the site. In
addition to the two recordable occupational dermatitis cases noted above, which certainly
are both chemical hazard related, only two other recordable injuries were incurred at the
site. The first was an ankle sprain that occurred as a worker tripped outside of the zone
of contamination, and the second was a sprained wrist as an employee fell while jumping
over a fence. Although the circumstances behind these injuries may appear to be
relatively insignificant, the important issue here is that not a single reportable injury
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occurred as a result of the many physical hazards associated with the technology
deployed at site M. Further, it may even be argued again that if the number of tallied
OSHA recordable injuries/illnesses fairly evaluates the effectiveness of the site to abate
certain hazards, then site M abated both chemical and physical hazards with an equal
degree of effectiveness.
From a more objective standpoint, one of the few comprehensive studies
regarding the hazardous waste remediation industry and injury/illness trends conveys
some interesting parallels to the project and site of focus. This study was concerned with
a single hazardous waste cleanup company over a six and a half year period, from 1990
to mid-1996, and presents injury/illness trends across various criteria. One noteworthy
data point establishes that of the 1,614 OSHA recordable injuries/illnesses incurred
across the period of inquiry, only 167 or 10.3% were related to chemical hazards, while
1,215 or 75.3% were related to mechanical hazards (Akbar-Khanzadeh and Rejent 669).
Viewing this data in another fashion, one may further discern that in fact 1,447 or 89.7%
of all injuries/illnesses were otherwise not related to chemical hazards (Akbar-Khanzadeh
and Rejent 669). In qualifying this data by discussion, this source comes to some
interesting conclusions:
"Contrary to the common belief, the data in this study show that mechanical-related types
of incidents were more prevalent than the chemical-related incidents... This may be
explained in two ways: either the methods used to control chemical hazards were
effective, or the chemical hazards on these sites were less common and/or less serious
than the mechanical hazards. However, it seems logical to assume that the nature of




(Akbar-Khanzadeh and Rejent 670, 671).
Another source would appear to agree with this finding. Again from a recent
roundtable discussion concerning research needs for hazardous waste health and safety,
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one speaker noted that, "illnesses from chemical exposure cause a very small fraction of
the injury and illness cases in this
industry"
(Marlowe). Further, this speaker suggests,
"using a systematic approach like the one applied to health hazards for physical
injuries"
(Marlowe-2 28). In other words, if workers on hazardous waste sites are more frequently
injured by way of the physical hazards associated with the construction aspects of the
trade, prudence dictates that the traditional recognition, evaluation and control
fundamentals applied to the abatement of hazards in general are prioritized to physical
hazards. Hence, as the strategies presented above aimed at least to increase the relative
significance of physical hazards in comparison to the traditionally more significant
chemical hazards, then this collective strategy is arguably a much more practical
approach to mitigating the various risks facing hazardous waste site workers.
6.3.d Summary
In summary, though the hazardous waste remediation project of focus in this
study was required to address the various mechanical and physical hazards associated
with the work environment, it traditionally prioritized chemical hazards and the strategies
necessary to abate them accordingly. The strategies developed to abate the non-chemical
related hazards then, tended to be generic and non-specific. As this frequently lead to an
insufficient assessment of the physical hazards associated with new remedial
technologies, a generally reactive employee training program, and an injury/illness record
reflecting the disparity between this hazard prioritization, new strategies were devised so
as to remedy these problems. The injury/illness data tabulated at the target site's
conclusion suggests that the re-prioritization efforts based upon these new physical
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hazard strategies were effective. Therefore, it can be established that this critical
departure from the physical hazard strategies of the past was a success at site M.
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SECTION 7
Discussion, Recommendations and Conclusions
7.1 Discussion
As discussed above, site M represented a significant departure from the many
remediation sites preceding it at the project of focus due not only to the remedial
technology employed, but also because of the introduction of many non-traditional
occupational health and safety strategies to mitigate worker risks. The strategies
examined in this study, including chemical protective clothing, air monitoring and
sampling, and physical hazards, are of significance not only for historical purposes, but
also because they can help to shed light on the problems the industry sector will continue
to face in the future. The discussion that follows will first revisit each strategy examined
to both summarize relevant findings, and to extrapolate further meaning by discussing
what else these findings may convey in relation to the particular hazardous waste project,
and the greater industry sector itself. Secondly, and perhaps more importantly, this
discussion will then present suggestions for future hazardous waste projects to consider,
whom will undoubtedly be faced with many of the same problems and are pertinent
stakeholders to the lessons learned by the remediation projects of the past.
7.La CPC Strategy
Considering the project's CPC program, and in light of the lessons learned at site
M, a number of issues can be identified. Whereas the traditional approach favored
simplicity by design, resulting in garments easy to use with wide applicability, versatility
and single-use disposability, the new approach favored higher technology, resulting in
garments more restricted to use, with narrow applicability, limited versatility and
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reusability. Although it has already been established above that this
approach lead to an
improvement in relation to a number of problems associated with the traditional garment
selection, one must ask the questions, 'why did it work, and what else does this tell us
about the subject'? Certainly to an extent, it worked because it more effectively
addressed a number of specific and problematic issues at site M. Additionally however,
consider for a moment the intricacies associated with managing a CPC program that was
construed to be relatively simplistic, as noted above. As the same CPC strategy was
repeatedly utilized from site to site with little to no substantive modification, the degree
of effort the project team gave to the issue can be construed to be minimal. In other
words, the management considerations associated with adhering to a traditional strategy
were perhaps too easy. On the other hand, shifting to a non-traditional CPC option meant
that the project team not only had to address the often difficult resistance to change
dilemma, but it also had to revisit the CPC issue altogether. And, as a result of revisiting
the CPC issue concerning the nomex/goretex garment, the standard hazard abatement
process started anew. This included the appropriate re-training of personnel, the
establishment of proper use, maintenance and care considerations, and the placement of
certain work restrictions or controls upon personnel donning the garment so as to
maintain its integrity. As such, the heightened management considerations needed to
devise and implement the new CPC approach can be perceived as regaining the control
over a hazard abatement strategy that had succumbed to complacency on the part of both
managers and workers alike.
Along a similar line of reasoning, it appears that this heightened management
control of the CPC program realized another crucial element illustrated by the evaluation
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of this strategy above. As noted, the evaluation of CPC options based upon laboratory
based testing and garment design standards alone may lead to the selection of a garment
whose actual protection qualities are uncertain and/or variable. Since the nomex/goretex
garment was ultimately selected based upon what the garment was expected to do and
why it was being worn, its predetermined and site-specific usefulness meant it was the
most appropriate control method for the given hazards facing personnel at site M. In
other words, one of the common rubrics associated with the ergonomics arena, "fitting
the machine to the
man"
as opposed to "fitting the man to the
machine"
was in fact
realized. Whereas the traditional tyvek options were quite versatile, they were not wholly
suited for each and every application at the project of focus, which was established by the
site M problems. Alternatively, the nomex/goretex option was the right tool for the job,
and so, when integrated into the CPC program, was more effective at achieving the goals
it was selected for.
Finally, an equally significant conclusion can be drawn concerning the
personalized nature of the new CPC approach, which is again related to the issues above.
On the one hand, the single-use disposability characteristic associated with the traditional
CPC options in and of itself meant that little benefit would be achieved by the
preservation of a single garment. Accordingly, neither workers nor management
personnel saw any significant value in preserving a single garment of either of the tyvek
options. On the other hand, the new approach of issuing a single nomex/goretex garment
to an individual worker symbolized two important considerations. Not only did it
represent a significant investment in an employee's health and safety, in terms of the cost
of the garment, it also gave each employee reason to adhere to the specified work
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restrictions and controls to best preserve his or her article of safety equipment. So, as
management was driven to implement and enforce those work restrictions and control
measures to keep workers from exposing their apparel to extreme environments, the
workers themselves were similarly engaged to have a personal stake in the matter.
Therefore, the personalized nature of the new CPC approach positively reinforced
preventative actions and control measures, ultimately to the benefit of both the worker
and the site alike.
7.Lb AirMonitoring and Sampling Strategy
Considering the project's air monitoring and sampling program, and in light of the
lessons learned at site M, a number of issues can be identified. Whereas the traditional
approach favored a dual method that was inherently conservative so as to avoid the
potential for exceeding occupational exposure limits or environmental action levels, the
new approach favored the application of a newer technology that resulted in the more
accurate approximation of select compounds of interest and less conservative decision
making. Although it has already been established above that this approach led to a
modest improvement in relation to the number of problems associated with the traditional
dual method, one must again ask the question, 'why did it work, and what else does this
tell us about the subject'? Again to an extent, this new approach worked because of the
site-specific problems associated with site M. However, reconsider the roots of
conservatism associated with the hazardous waste project in question, which may also be
a fundamental characteristic of the entire industry in general. To an extent, despite the
various precursory tasks performed before any of the hazardous waste sites underwent
full-scale remediation, all of the sites retained a certain mystery, such that the air
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monitoring and sampling program had to be prepared to encounter unknown
airborne
hazards. That being the case, the usefulness of real-time monitoring equipment to
"survey"
site conditions across a broad spectrum of contaminants appears justified.
However, as the reality of the situation is that this survey technique provides just enough
information so as to establish something is there, as opposed to what specifically is there
and exactly how much, this technique can be construed to contribute and/or exacerbate
the problem associated with unknowns. One commercially available and even more
innovative remedy to this problem that was assessed during the early stages of the site
was a field deployable gas chromatograph/mass spectrophotometer, with the capability of
identifying and quantifying unknowns without calibration. However, as the price tag
associated with this equipment neared $90,000, not to mention the additional operator
training that would have been required, this technology was not selected. Rather, the
eventual strategy that was implemented at site M, integrating a portable GC calibrated to
the major compounds of interest that could be verified during the pilot-test program, can
be construed to be an alternative and perhaps more practical approach at handling the
unknown airborne hazard dilemma. As this strategy was only modestly successful, since
only one-third of the remediation of site M avoided the more costly Level B due to its
inability to identify unknowns, the options associated with being able to fully answer the
unknown question appears obvious. Hazardous waste projects must either engage in
more thorough remedial investigations so as to remove any doubts as to the presence of
unknown airborne hazards, or employ the use of advanced instrumentation to more
effectively satisfy that requirement during the actual remediation stages.
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In light of these two options, reconsider the data discussed above relative to air
sampling. If air sampling activities at this hazardous waste project infrequently if ever
quantified levels of airborne hazards in excess of occupational exposure limits or
environmental action levels, one must question the relative significance of airborne
hazards in the first place. If in fact the chronic risks employees routinely faced at this
project as determined through air sampling strategies were practically minimal, then this
data would suggest that the frequency of such air sampling events be reduced accordingly
to a more cost-effective approach. However, two equally important issues must be
considered to fully address this dilemma. First of all, this examination admittedly does
not explore the implications associated with mixtures of various airborne hazards for
which there does exist a methodology to determine exposure limits and exceedances
thereof. Secondly, it does not, and perhaps cannot, have access to employee medical
surveillance records that would otherwise provide additional insight into the health
impacts associated with routine exposures to various contaminants at low levels. Without
being able to explore all three of these issues together, it is difficult to draw a
comprehensive conclusion about the long-term risks associated with employee exposures
to airborne hazards. Based upon the data that is available, prudence would suggest that if
air monitoring and sampling strategies can not only identify and quantify compounds of
interest and unknowns, and further be used to determine time-weighted averages, then the
use such equipment on hazardous waste sites may be even more useful in addressing
traditionally conservative decision making. Taken a step further, if faced with the above
options of either commissioning a more thorough remedial investigation or employing
advanced instrumentation, both ofwhich may further address the unknown characteristics
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associated with hazardous waste sites, it seems logical that the latter choice may also be
more cost-effective. Ultimately, this discussion may appear to raise more questions than
it answers. As today's technology continues to produce more reliable and accurate tools
for assessing the airborne hazards facing workers at hazardous waste sites, decisions as to
which tools are employed must take into account the various technical, logistical and
practical considerations associated with those tools. In doing so, cost-effectiveness,
conservatism and the prevention ofworker health impacts can all be summarily achieved.
7.1.C Physical Hazard Strategy
Considering the project's physical hazard strategy, again in light of the lessons
learned at site M, a number of issues can be identified. Whereas the traditional approach
focused heavily upon chemical hazards, favoring a more generic and non-specific
approach to assessing physical hazards and employee training thereafter, the new
approach focused upon the assessment of physical hazards in the design and pre-
production stages of a new technology. Following, the development of SOP's to both
train employees and standardize work activities was made possible. As a result, the
prevalence of worker injuries and/or illnesses due to physical hazards were controlled at
least as effectively as they were due to chemical hazards. Though this establishes the
significance of this new strategy in relation to the problems associated with the traditional
strategy, one must again ask the question, 'why did it work, and what else does this tell us
about the subject'? Again, this new approach worked because of the site-specific
problems associated with site M. However, in consideration of the above discussion
concerning the near absence of chronic health impacts as determined through air
sampling, the similarly low prevalence of acute health impacts resulting from chemical
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hazard related incidents again focuses attention on the relative significance of chemical
hazards in general at the project. Though the source quoted above asserts that hazardous
waste activities are more construction-oriented and less chemical-oriented, based solely
on injury/illness data, it would appear that this assertion is greatly augmented by data
suggesting that airborne chemical exposures generally do not exceed established
regulatory thresholds. Therefore, it can be argued that the prioritization of chemical
hazard abatement strategies for the duration of the project of focus, excluding site M,
represents a fundamental overestimation of the various chemical hazards posing risk to
personnel. If this is truly the case, then this fundamental overestimation of chemical
hazards can be further construed to represent the general misappropriation of time,
manpower and equipment resources so as to support the traditional hazard focus.
In light of these assertions, consider again the general transition of the remedial
technologies utilized at the project of focus. The first few sites simply consolidated
wastes under a RCRA cap. The next grouping utilized simple equipment processes in the
early stages and more sophisticated processes in the latter stages, to handle, excavate and
haul wastes to an on-site landfill. Finally, as site M used a pre-treatment process before
waste excavation and hauling to the on-site landfill, the general transition went from
simple technologies to those more advanced and complicated. As discussed above
however, this remedial technology transition is not exclusive to the project of focus. One
source in fact notes that due to the risk of future liabilities associated with hazardous
waste landfills, as well as the development and refinement of soil remediation
technologies, landfill disposal is no longer the preferred remediation method (Hill 4).
Therefore, one can construe that as the pace of technology advancement continues to
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increase within the remedial arena, so too will the physical hazards associated with the
various processes driving those technologies. Based upon this assumption, it is then
logical to conclude that the importance of better evaluating those technologies, in terms
of both their operational and procedural characteristics, will necessitate similar pilot-test
demonstrations, HASP'S, SOP's and employee training methods to meet the challenges
associated with these heightened physical hazards. Further, now that the principal hazard
facing hazardous waste site workers has arguably been identified, alternative hazard
abatement strategies can now be considered for introduction into the arena to help drive
continuous improvement.
7.2 Recommendations for Future Projects to Consider
7.2.a CPCRecommendations
1. The type of chemical protective clothing that workers will donn should be considered
to be at least as significant, if not more, than the type of respiratory protection that
workers will donn.
2. When evaluating potential garments for implementation, first define what the garment
is expected to do and why it is being worn before you consider the laboratory-based
design data, such as permeation, penetration and degradation.
3. While garment versatility is certainly important, so too is the right garment for a
given task. Only select a garment with versatility if it is a required characteristic as
per the defined expectations from above.
4. The recent innovations associated with reusable garment technologies should cause
projects to rethink traditional CPC garment options. Though reusable garments may
be advantageous in many respects as compared to single-use/disposable garments,
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projects faced with the choice must account for all of the variables of either side of
the cost-benefit equation. Whereas single-use garments are cheap and fairly versatile
by design, they are also limited in terms of durability, are a readily consumed product
that may be limited in supply dependent upon consumption rates, and can consume
significant resources on large-scale projects. Similarly, whereas reusable garments
are generally more durable, can be personalized, and may be more cost-effective on
large-scale projects, they require strict adherence to use, care and maintenance
guidelines so as to preserve garment integrity, may need additional manpower to
assist in those use/care/maintenance guidelines, and mandate a concerted effort on the
part of both employees and managers to adhere to these and other guidelines/work
restrictions accordingly.
5. Heat stress considerations must be integrated into the decision-making process.
Though CPC is only one part of the heat stress abatement strategy, it can play a
pivotal role in reducing the relative impact of heat upon the worker from a physical
perspective, and upon the project from a work efficiency perspective.
6. The often ignored wearability issues associated with garment selection and use, such
as comfort, aesthetics, and the ease of use/care/maintenance requirements, should also
be an important consideration. This should include feedback from the workers
donning the garments.
7. Perhaps most importantly, manage the CPC program correctly, regardless of whether
you are utilizing a traditional garment that the project has significant experience
with, or you are introducing a new garment to address site or hazard-specific issues.
This means the adequate assessment of the hazards a garment is intended to address,
B.Hansen Graduate Project 96 5/01
Occupational Health & Safety Innovations in theHazardous Waste Remediation Industry
a thorough evaluation of the options in accordance with the above, sufficient
employee training, adherence to specified use/care/maintenance considerations, and
relevant feedback from users to improve the management of the CPC program for the
future.
7.2.b AirMonitoring and Sampling Recommendations
1. If in a position to consider this strategy early enough in the pre-remediation process,
projects should attempt to more thoroughly determine up-front the nature of the
chemical hazards so as to reduce to the greatest extent possible the impact that
"unknowns"
may have later on in the actual remediation stages.
2. The first priority should be the ability to identify and quantify airborne compounds of
interest in the real or near real-time through air monitoring. Though compliance with
occupational exposure limits and environmental action levels through air sampling
equipment and strategies are also significant to consider, it should be regarded as a
second priority.
3. Although the type and variety of real-time air monitoring equipment will be
determined by both the chemical diversity of the hazardous waste site and the
adequacy of pre-remediation activities to thoroughly address any unknown
parameters, two instrument characteristics are vital. First, they should be able to
reliably and confidently identify and quantify specific compounds of interest as close
to their true value as practicable, with little to no interference from other
contaminants of concern. Secondly, they should be sensitive down to 50% of the
applicable regulatory threshold, or at the regulatory threshold at most.
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4. Broad-spectrum, general survey air monitoring instruments like PID's should only be
employed if their inherent sensitivity and selectivity limitations will not adversely
affect or make more difficult the ability to identify and quantify airborne hazards.
Though instruments in this genre can be useful if their readings are appropriately read
and interpreted, they can also lead to the over or underestimation of the actual risk
factors facing personnel and the environment.
5. Advanced real or near real-time air sampling equipment, such as portable GC's or
GC/MS's, are useful tools to remedy some of the historic problems associated with
hazardous waste projects. Not only can they improve the inherent accuracy and
specificity limitations associated with traditional air monitoring equipment, they can
also hasten the decision-making process, making it less conservative.
6. If advanced instrumentation is considered to address the traditionally conservative
decision-making process, also evaluate instrument options that may perform time-
weighted averaging functions, so as to enhance cost-effectiveness with respect to
required air sampling for compliance purposes.
7.2.c PhysicalHazardRecommendations
1. First and foremost, consider the various physical hazards facing personnel on
hazardous waste sites to be of at least equal if not greater significance than the
various chemical hazards they may face throughout the general anticipation,
recognition, evaluation and control hazard abatement strategy.
2. Where new technologies are introduced upon a project, safety considerations should
be interjected into the technology at the earliest stages of development. Some of the
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tools borrowed from the Process Safety Management standard are useful to facilitate
this cause. Further, attempt to demonstrate the overall effectiveness of any new
technologies in the pre-production stages of remediation, so as to better evaluate
those processes from both an operational and physical hazard perspective.
3. The original specifications of the HAZWOPER standard, which require each major
activity identified in the construction work plan to be evaluated and controlled in
terms of their hazards, should be strictly adhered to.
4. Site-specific HASP'S should be written so as to specifically address the major
remedial activities and their hazard control methods, and mechanisms should be
developed to further evaluate and control other or ancillary task-hazards through
procedures like the Activity Hazard Analysis technique.
5. Standard Operating Procedures should be developed based upon the physical hazard
assessment activities above, to serve as both a mechanism to facilitate training, as
well as a strategy to elicit active employee and job supervisor involvement within the
job safety process.
6. Where injury and/or illness statistics are available, classify and group that data in an
attempt to prioritize efforts on those physical conditions or employee actions most
frequently involved in injury/illness incidents.
7. Completed SOP's should be revisited and/or revised as necessary, and new physical
hazard that arise in the working environment should begin the process anew, so as to
continually improve the programmatic
abatement of physical hazards accordingly.
7.3 Conclusions
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In review, the legacy of industrial pollution and otherwise poor environmental
practices in the United States lead to the birth of the hazardous waste remediation
industry as the primary remedy to address those traditional EH&S transgressions. Faced
with both the repeated regulatory refinements of the 1980's, and the modern pressures to
increase efficiency and effectiveness, the industry sector's ability to evolve and adapt its
traditional mission has resulted in many environmental innovations, but perhaps far fewer
with respect to occupational health and safety. Accordingly, this study has examined a
specific hazardous waste remediation site, itself a part of a large, multi-year project
nearly spanning the industry sectors fully regulated history. In accordance with the case
study, comparative and methodological research methods to both analyze and evaluate a
number of targeted occupational health and safety strategies implemented at the last
major and perhaps most dangerous site, this study has endeavored to answer an important
research question. Namely, what practical yet innovative occupational health and safety
strategies at hazardous waste remediation projects hold the potential of improving
performance over traditional strategies, and why? In focusing upon three select strategies
that were of significance not only to the project of focus, but to the greater industry sector
in general, it is hoped that the credible recommendations generated by this study may
assist future projects in improving their relative performance with respect to the various
occupational health and safety issues they too will face.
In conclusion, a few final yet noteworthy points of discussion are warranted.
While it is certainly apparent that this study may have raised as many questions as it has
answered, the lack of relevant literature introspective of the hazardous waste remediation
industry mandates further research, such as that provided herein. Secondly, while the
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physical and chemical diversity of the industry sector itself may imply that site problems
may in fact be site-specific, this study has attempted to examine select strategies with
unilateral significance across the industry, and to qualitatively convey greater meaning
and understanding as to the nature of hazardous waste activities in general. Finally, and
perhaps most importantly, it should be recognized that the concept of innovation can be
defined in many different ways. While advances in technology frequently result in
important instrumental and mechanical innovations, both of which will continue to shape
the recognition and evaluation parameters of the general hazard abatement strategy,
managerial innovations are of equal if not greater significance. As illustrated above,
innovations in how a remediation project assesses, prioritizes and controls the various
hazards facing its personnel, may not only result in practical improvements as compared
to traditional methodologies, but may also better reflect a hazardous waste project's
ability to adapt and evolve its traditional mission in light of today's era of radical change.
Ultimately, as it is incumbent upon the hazardous waste remediation projects of the
present and future to protect workers with an equal if not greater degree of success in
comparison to the environment, the lessons learned by the projects of the past can be
instrumental in achieving that goal through continuous improvement.
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ATTACHMENT 1
Chemical Protective Clothing Decision Logic
BLUE COTTON COVER AT T S
To be donned when wastes encountered are dry to damp in nature,
Contact with wastes should be minimized due to the high permeability of
cotton fabrics,
Orange coveralls may be substituted for the Blues when work practices
involve hot work as defined by the appropriate HotWork Permit,
Shall not be donned when the potential for wastes to breach the level of boot
protection provided by the outer boots exists, or when overspray or other
intimate waste contact exists such that the potential for contaminant
permeation may occur.
POLY-COATED YELLOW TYVEK
To be donned when wastes encountered are damp to wet in nature, or during
light decon activities with minimal overspray,
Contact with wastes is appropriate but should be minimized since poly-coated
tyvek does offer some protection against permeability concerns,
The voids between the hand and foot protection should be appropriately
taped to reduce the potential for seepage between the voids,
Shall not be donned when the wastes encountered have the obvious
likelihood of exceeding the permeation protection offered due to extended
waste contact, when wastes are in the form of sludges which most probably
will exceed the boot line, or when decon activities involve heavy overspray.
SARANEX
To be donned when wastes encountered are wet to sludge-like in nature, or
during activities involving decon with heavy overspray,
Offers the greatest degree of chemical permeation protection, so should be
selected when it is likely that contamination will remain on the chemical
protective clothing for extended periods of time,
The voids between the hand and foot protection should be taped when it is
likely that wastes will exceed the level of protection offered by the overboots,
and additionally high foot protection, ie. hip/chest waders, may be required
under certain circumstances.
ADDITIONAL CHEMICAL PROTECTIVE CLOTHING ENSEMBLES
Other ensembles, such as acid protective gear or other reusable gear may be
selected for specialized work activities, wherein the appropriate decision logic will
be employed for the specific scenarios.
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ATTACHMENT 2
Work/Rest Regimen Determination Chart
(Metrosonics hs-3700 WBGT Operator'sManual)
(see the one page following)
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EPRI STAY TIMES
The Electrical Power Research Institute (EPRI) has developed a table
giving recommended ranges ofstaytimes forworkers. The hs-3700 factors the
presentWBGTwith the user-programmed metabolism level and clothing type
to determine EPR! stay time from the data in Figure 3.3. In Figure 3.3, ranges







50(47) 122(116) 15-30 0-10
48(45) 118(112) 20-45 5-15


















44(41) 111(105) 30-0 10-25 20-45 5-20 20-45 5-15 15-30 0-10
42(39) 108(102) 45-90 15-30 5-10 30-60 10-25 20-45 5-20 20-45 5-15

















































































































































Figure 3.3: EPRI Stay Times
(Ranges of stay times in minutes (or
"h"
for hours) for differentWBGT's (and
Botsball readings) in C and F by combinations of clothing ensemble and
metabolism).
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ATTACHMENT 3
Product Literature on the CPC-Nomex with Gore-Tex Fabric
(Sawyer-Tower)
(see the three pages following)
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The CPC NOMEX with Gore-Tex fabric offers chemical splash protection with





and Jersey, provides cooler, more comfortable wearwhile
Jj^otectmg workers against flash fire as well as liquid and di|r chenurjiS|
jjqjosiires. Body beat escapes ami perspiration evaporates through the fabric,
i feepmg'faT%oi?kei^ooler1ffl^treat'situationsiand warmei|hi cold sifuatibnp % ',, '?
Product styling delivers bothcomfort andmaximum protection. The CPCL
i NOMEX ismore comfortable than traditional cbenucal^protectivelclotHfflgl*"'








CPC NOMEXmeets NFPA 1993 requirements and is recommended for chemical
processingplants, pulp and papermills, petroleum refineries, leather tanneries,
| power plants,water treatment facilities, chemical transportation, mining,
food-
'
processing and other industries handling hazardous liquid, powdered








CPC is a trademark ofAnsell-Protective Clothing
GOIJE-SEAM is aregistered trademark ofW.L. Gore &Associates, Inc.
NOMEX and TEFLON are registered'trademarks of the DuPont Company




CPC NOMEX is a trilaminate of 3.0 oz/sq
yd Nomex ripstop, 1.0 oz/sq yd Teflon
membrane, and 2.0 oz/sq yd Nomex
jersey.
FEATURES






* Two-way nylon zipper with storm flap
>< Badge-holder tab
Velcro closures at cuffs
Available in five sizes - S to XXL*
Optional pockets are available, as are
detachable hoods, which can be worn







wearer to remain cooler while
preventing specified liquid chemicals
from reaching the skin. Insulation
strength good in cold weather.
K More comfortable than traditional
chemical protective clothing
H Lighter in weight
H More flexible
Iffl Durable, tear and snag-resistant, stain
repellent and washable
a Nomex suits are flame resistant, liquid
repellent and particulate chemical
resistant.
H Sold on chemical-by-chemical basis.







BS Hazmat response teams
K Hazwaste clean-up teams
Si Petrochemical manufacturers
H Inorganic chemical manufacturers
18 Chemical handlers, haulers, packagers
and distributors
ffl Industrial inorganic chemical
manufacturers and distributors
H Soap and detergentmanufacturers
BE Potash and phosphate fertilizer
producers
Bl Pulp and paper producers
B Batterymanufacturers
B Metalsmiths, plating operations




B Nuclear power-generating stations
H Dust exposures such as lime, lead and
sand-blasting
98 Power plants, water treatment
facilities
fl Other industries handling hazardous

















CPC Nomex Blue Jacket
S-XXL*





CPC Nomex Blue 3 piece Hood One Size Fits All
CPC Nomex Blue Coverall



















This suit requires proper care to insure its performance and to increase its useful life span. If the suit comes in contactwith chemicals, then proper
' decontamination slhould be performed. After decontamination, the suit should be laundered.
Caution: The washing instructions that follow do not constitute a
decontamination procedure. The user should develop and institute a
decontamination procedure for the specific chemical in question.
Washing Instruction: Wash regularly with a low sudsing
powdered detergent. For best results, use concentrated
TIDE
powdered detergent. Use cold
water (less than 105F or 41C). Higher temperatures will separate seam tape. For best results, drip dry. Do not use fabric softeners in dryer.
Special Instructions: If the garment is stained by grease or oil, spray stain thoroughlywith aerosol pre-wash before laundering. This procedure will
help maintain the chemical resistance properties of the garment. If the Velcro fasteners become contaminated by lint, brush the hooks lightlywith a
wire brush (e.g. suede). Do not scrape or scrub the fabric, as this will compromise the chemical resistance of the garment.
Warnings: DO NOT USE LIQUID BLEACH. DO NOTDRY CLEAN.
To order or request product information:
ANSELL Protective Clothing
A Member ofAnsell Protective
Products Group
1200 East Sunrise Thomasville, NC 27360
Phone: (800) 525-2753 FAX: (336) 474-4444
SAWYER-TOWER
ABrand ofAnsell ProtectiveClothing














Phone: 32-53 71 05 05















WI&97 AnsellEdmont Protective Clothing. All Rights Reserved STR-man
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ATTACHMENT 4
Chemical Permeation Data for Tyvek Products
(Lakeland Industries web site)
















Acetone L Immediate 10 24 1.6
Acetonitrile L Immediate 16 13 2.8
Ammonia G Immediate 3.1 32 0.15
1,3-Butadiene G Immediate 12 >480 <0.001
Carbon Disulfide L Immediate High Immediate >50
Chlorine Gas G Immediate >50 >480 <0.07
Dichloromethane L Immediate High Immediate >50
Diethylamine L Immediate 64 12 >50
N,N-
Dimethylformamide
L Immediate 0.72 109 0.84
Ethyl Acetate L Immediate 12.7 Immediate 0.54
Ethylene Oxide G Immediate 168 Immediate 8.4
n-Hexane L Immediate High 146 0.48
Hydrogen Chloride G Immediate 9.3 >480 <0.1
Methanol L Immediate 2.2 >480 <0.001
Methyl Chloride G Immediate 0.27 >480 >0.006
Nitrobenzene L Immediate 18 102 2.3
Sodium Hydroxide,
50%
L >480 minutes <0.001 >480 <0.001
Sulfuric Acid, (cone.) L >480 minutes ND >480 ND
Tetrachloroethylene L Immediate High Immediate 5.7
Tetrahydrofuran L Immediate 183 Immediate >50
Toluene L Immediate High Immediate 30
Numbers reported are average of samples by the ASTM F739 test method. Sample results do vary and
therefore averages for these results are reported.
ND=None Detected >=greater than <=less than G=gas L=liquid
B. Hansen Graduate Project 105 5/01
Occupational Health & Safety Innovations in the Hazardous Waste Remediation Industry
ATTACHMENT 5
Chemical Penetration Data/Information on the GORE Fabric
(W.L. Gore & Associates)
(see the four pages following)




GORE Fabric For Chemical Splash Protection
TECHNICAL DATA and APPLICATION GUIDE
Selecting chemical protective clothing
Until now, choosing the right chemical protective clothing has
been very difficult due to a lack of standards and insufficient
data. Material performance has often been determined by
permeation data alone. And clothing ensembles are even
selected by their EPA design level classifications. Each of
these methods has its shortcomings, is often misleading, and
may result in inconsistent usage of chemical protective cloth
ing.
New standards and performance definitions
Choosing the correct protective clothing requires a clear
understanding of what the garment is expected to do and why it
is being worn. This simple but practical approach was used by
the National Fire Protection Association to establish the first
performance-oriented protective clothing standards, as follows:
NFPA 1991 Vapor Protective Suits for Hazardous Chemical
Emergencies
NFPA 1992 Liquid Splash Protective Suits for Hazardous
Chemical Emergencies
NFPA 1993 Support Function Protective Garments for Hazard
ous Chemical Operations
These new standards address, for the first time, full ensemble
performance. They associate vapor-tight integrity and perme
ation data with vapor protection, while they associate
liquid-
tight integrity and penetration data with liquid splash protec
tion. (In contrast to permeation, the process by which a
chemical moves through material on a molecular level,
penetration is the bulk flow of a liquid chemical through the
material, seams, or suit closures.)
Each standard sets minimum levels of performance for protec
tion provided by the overall garment, garment materials, seams,
closures, and other components. These criteria have been
written with the hazardous chemical emergency response
team In mind, but they can apply to a number of other
protective clothing applications as well.
Because the NFPA Standards define performance levels instead
of design levels, they may be more appropriate than the EPA
levels of protection for describing and selecting types of suits
or suit ensembles. The terminology from these standards can
be directly applied to the selection of protective suits as the
comparison in the following table shows:
Performance NFPA EPA
Required Standard Standard
Vapor Protection NFPA 1991 /Level A (gas tight)
Liquid Splash Protectipn : NFPA 1992/1993. . Levels B/C
JANUARY 1996 (supersedes 1991 edition)
When you need vapor protection
When you need vapor protection, it is appropriate to choose a
certified vapor-tight suit for which its capability to protect
against a specific chemical is based on permeation data.
Vapor protective suits compliant with NFPA 1991 are suitable
for this purpose.
When you need liquid splash protection
When you need liquid splash protection and do not need vapor
protection, it is appropriate to choose a certified liquid splash
protective suit (i.e.; NFPA 1992 or NFPA 1993 compliant
ensemble) for which its capability to protect against a specific
chemical is based on penetration data. Since this clothing is
designed to protect the wearer from liquid contact, but allows
exposure to vapors, permeation data is inappropriate for
judging material performance for this level of protection.
In addition, the overall ensemble must also demonstrate
liquid-tight integrity. NFPA 1992 and 1993 provide test
methods and criteria for making this assessment. Organiza
tions such as the Safety Equipment Institute (SEI) will certify
complete protective clothing ensembles that meet the NFPA
standards.
Other test methods are often used to describe the liquid
resistance of materials. However, the choice of liquid splash
protective clothing should be based on the results of penetra
tion testing that has been performed in accordance with the
procedures in ASTM Standard Test Method F903, Procedure
C, or NFPA Standards 1992 and 1993. This criterion is a truer
evaluation of liquid barrier performance.
When you need both vapor and liquid splash protection
In these situations, it is appropriate to choose a certified
vapor-tight suit compliant with NFPA 1991 since, by defini
tion, vapor protective suits also provide liquid splash protec
tion. Never use a liquid splash protective suit in these
situations, even if the material offers acceptable resistance
to chemical permeation, because these suits lack overall
vapor-tight integrity. (continued on pat-e 4 )
GORE Fabric for Chemical Splash Protection Application Guide
to use the Chemical Penetration Guide
guide shows penetration testing results for GORE fabric
lemical splash protection. It can be used to determine
nations for garments made from GORE fabric for chemical
ti protection. This clothing should be used only for
i situations where you do not need vapor protection or
e vapor exposure is determined to be acceptable by a
y and health professional.
tration resistance
tration of protective clothing is the bulk flow of a liquid
gh porous materials, seams, closures, and pinholes or
imperfections in a protective clothing material.
Penetra-
nay occur from chemical deterioration of the material
i leads to liquid passing through the material.
iurement of penetration resistance
tenetration
test1
measures the resistance of protective
ing materials to penetration by liquids using a one-hour,
ided liquid exposure to the normal outside material
:e. The test is conducted at atmospheric pressure except
ie sixth minute of the test, which is conducted at 2 psig to
late the pressure from a burst pipe. Liquid penetration is




W. L. Gore & Associates, Inc.
297 Blue Ball Road Elkton, MD 21921
Phone: 410-392-3700 FAX: 410-392-4452
Color Coding
The chemical penetration data is color coded, as described
below, to assist in determining the proper application for __,
garments made from GORE fabric for chemical splash protec
tion
Green GORE'f-abric for chemical splash protection
passes the penetration test for chemicals printed in
green. These chemicals represent potential liquid
splash hazards as defined by NFPA 1993 guidelines2.
Yellow GORE fabric for chemical splash protection
passes the penetration test for chemicals printed in
yellow, but these chemicals represent both potential
vapor and liquid splash hazards3. Significant amounts
of chemical vapor permeate this material.
Use GORE fabric for chemical splash protection for
these chemicals only in controlled situations if vapor
exposure is acceptable. Consult a trained profes
sional in industrial safety or hygiene when making
this determination. Failure to comply with this
warning may result in serious injury or death.
Red GORE fabric for chemical splash protection
fails the pentration test for chemicals printed in red.
Do not use.
NOTE: GORE fabric for chemical splash protection is
readily permeable by most chemical challenges when tested




ic Acid, Glacial Ethanoic Acid Pass
one*+ 2-Propanone Pass
onitrile*+ Methyl Cyanide Pass
lic Acid (99%) 2-Propenoic Acid Puss
lonitrile 2-Propenenitnle Pass
linum Ammonium Sulfate (12.2%) Alum Pass
ionium Hydroxide (30%) Aqua Ammonia Pass
ionium Phosphate (Monobasic, Satd. Soln.) Ammonium Acid Phosphate Pass
urn Hydroxide (Satd. Soln.) Caustic Lime Pass
urn Hypochlorite (Satd. Soln.) Calcium Oxychloride Pass
oacetic Acid (Said. Soln.)
Ylonochloroacetic Acid. MCA Puss
rosulfonic Acid Sulfuric Chlorohydrin Pass
mic Acid (100%)
Chromium Trioxide Pass
:Acid (50%) B-Hydroxytricarballylic Acid, Pass






: Acetate *+ Acetic Ether Pass
lene Glycol Ethylene Alcohol Pass
Chemical4
Chemical Penetration Data (continued)























Methyl Isoamyl Ketone (98%)
MethylMethacrylate
Methyl Propyl Ketone (90%)





lrv PCB/99% Mineral Oil









Sodium Chlorate (Satd. Soln.)
Sodium Chlorite (Satd. Soln.)


























Hydrogen Fluoride (HF) Pass
Hydrogen Fluoride (HF) FAIL
Hydrogen Dioxide Pass





























Aluminum Sodium Oxide Pass
























































When to use a liquid splash protective suit
Heat stress is a serious hazard to wearers of chemical protective
clothing. In some cases, this threat may be even more danger
ous than the chemical hazard itself.
To release heat, your body sweats; and when the sweat evapo
rates, your body is cooled. The problem is that chemical
protective clothing limits sweat evaporation. In vapor protec
tive suits, sweat evaporation is prevented altogether. Liquid
splash suits based on continuous film materials perform simi
larly.
GORE fabric for chemical splash protection is the first product
that offers liquid splash protection and also allows sweat vapor
to escape. It satisfies the material requirements ofNFPA 1993,
and garments made from this remarkable fabric have been
certified to be compliant with NFPA 1993.
Therefore, you may use GORE fabric for chemical splash
protection when you need protection against chemicals that are
listed in the NFPA 1993 battery, as well as other chemicals
meeting the NFPA 1993 guidelines
~ i.e., those that pose no
threat in a vaporous state. (Color coded green on the Chemical
Penetration Data Table)
It is also appropriate to use GORE fabric for chemical splash
protection when you need protection against chemicals that are
outside NFPA 1993 guidelines and it has been determined that a
certain level of vapor exposure is acceptable. Not all exposures
to hazardous chemicals are in an emergency situation, for
which the NFPA Standards were developed. Under certain
controlled circumstances, it may be acceptable to use a garment
made from GORE fabric for chemical splash protection for
challenges outside those guidelines where it has passed the
penetration test. (Color coded yellow on the Chemical Penetra
tion Data Table)
Each end-use situation must be evaluated for its particular risks.
A chemical-by-chemical determination alone is not always
sufficient to capture the various situations where chemical
protective clothing is used. (Always consult a trained
profes




Consult a trained professional in industrial
safety/hygiene when
determining fitness for use.
Chemical protective clothing made from
GORE fabric for
chemical splash protection does not provide protection from
all
chemicals or in all conditions. The technical information set
forth in this Technical Data and Application Guide documents
laboratory performance luider laboratory conditions. Testing
and other results presented herein are for fabric only. Perfor
mance of any particular garment will
depend on a number of
factors including, but not limited to, seams, closures, accesso
ries, duration of use, maintenance of garment and proper
handling.
Warning: Do not use GORE fabric for chemical splash
protection for conditions of deluge or continuous expo
sure.
GORE fabric for chemical splash protection is a barrier to many
inorganic and organic liquid challenges. It is not a barrier
against all liquid chemicals. It has been tested for the chemicals
documented in the Chemical Penetration Data Table. If your
only safety requirement is to keep one or more of these liquids
off your skin, chemical protective clothing made from GORE
fabric for chemical splash protection, in conjunction with good
safety training and good safety practices, may be used. Test
results on other liquid chemical challenges can be provided on
request.
Warning: Do not use GORE fabric for chemical splash




GORE fabric for chemical splash protection is permeable to all
vapors. If a vapor, or a liquid producing a vapor, represents a
safety or health hazard, do not use garments made from GORE
fabric for chemical splash protection. Consult a trained profes
sional in safety or industrial hygiene when making this determi
nation.
Warning: Do not use GORE fabric for chemical splash
protection for vapor protection.
If the chemical challenge also represents a flammable hazard,
clothing made with a
Nomex
substrate should be used instead
of the polyester substrate.
. 'Penetration test procedures as specified in National Fire Protection Association
NFPA) 1993 - Standard on Support Function Protective Garments for
Hazardous
Chemical Operations. These procedures are identical to those in ASTM F903,
'rocedure C.
:. NFPA 1993 - Standard on Support Function Protective Garments for
Hazard-
'iis Chemical Operations - does not permit certification for chemicals, or specific




toxicity notations in the
"Threshold Limit Values and Biological
exposure Indices for 1993-1994.
Certification for these chemicals is permitted by NFPA 1991
- Standard on Vapor
'rotective Suits for Hazardous Chemical Emergencies. It is the user's responsibility
o determine the level of toxicity and the proper
personal protective equipment needed.
fyou need to protect skin from exposure to a safety or health threat based
on
lermeation of vapors, or vapors
produced by liquids, do not use GORE fabric for
hemical splash protection.
Footnotes
4. Do not use GORE fabric for chemical splash protection for protection against
chemicals or chemical mixtures not listed. Do not use GORE fabric for chemical
splash protection without penetration test data directly supplied by W. L. Gore &
Associates, Inc. For chemicals not included in this list, contact W. L. Gore &
Associates, Inc. (410-392-3700). Failure to comply with this warning may result in
serious injury or death.
5. This data was produced independently by TRI/Environmental, Inc. in accordance
with NFPA 1993. Request User Report Number 91382 and supplements for complete
details of these results. All tests were performed under laboratory conditions and not
under conditions of actual
usage'
TRI/Environmental, Inc. makes no warranties or
other guarantees concerning protection by this material and assumes no liability for use
of this material with the chemicals tested. The user should determine the applicability
of test conditions when assessing the suitability of the material for actual anticipated
exposure.
GORE and GORE-TEX are registered trademarks ofW. L. Gore & Associates
NOMEX is a trademark ofDuPont
1996,W. L. Gore & Associates
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ATTACHMENT 6
Garment Utilization Rates/Cost Expenditures for the
Saranex-Coated Tyvek and the Nomex/Goretex Suits
Constants
128 working days;
8 workers per day donning CPC;
Cost of 1 saranex-coated tyvek suit was $17.00;
Cost of the one-time purchase of 20 nomex/goretex suits was $1 1,000.00;
5 saranex suits would be consumed in 1 workday by a single worker.
Actual estimated CPC costs for nomex/goretex and saranex-coated tyvek garments,
based upon an 80% -20% use differential:
(128 working days
* 8 workers per day
* 20% donning saranex
* 5 saranex suits per
day per worker
* $17.00 per saranex suit) + $11,000.00 one-time cost for 20
nomex/goretex suits = $28,408.00 total CPC cost for siteM with 80%-20% utilization
rate between nomex/goretex and saranex-coated tyvek garments.
Predicted CPC costs for saranex-coated tyvek garments only:
(128 working days
* 8 workers per day
* 5 saranex suits per day per worker
* $17.00
per saranex suit) = $87,040.00 total predicted CPC cost for site M with a 100%
utilization rate for the saranex-coated tyvek garment.
Total estimated savings by using saranex-coated tyvek and the nomex/goretex suit, as
opposed to only the saranex-coated tyvek is $58,632.00.
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ATTACHMENT 7
Manufacturer Data for the Thermo-Environmental
OVM 580B Photo-Ionization Detector (PID)
The Thermo OVM 580B PID is the workhorse of the industry. Its field-proven design
and easy-to-use features have made it a favorite among field professionals. With a
simple
7-key interface, users can easily program alarms, calibrate, modify response factors, and
store readings. The 580B displays maximum reading and real time data and can
store up
to 700 data points. Sampling rates can be adjusted from 1 second to every 100 minutes.
Ideal for monitoring VOCs in soil/water contaminants, leak detection, locating spills and
LUSTS, and emergency response situations. Available in an intrinsically safe model.
Specifications
Size & weight ~ 6.75"H x 5.75"W x 10.0"H; 6.01bs
Lamps ~ available with 10.6eV or 11.7eV
UL listed ~ approved for Class I, Division 2, Groups A,B,C,D
Sensitivity
~ O.lppm benzene on 0-200ppm scale
Ranges ~ 0-200ppm with O.lppm resolution; OR 200-2000ppm with l.Oppm
Resolution
Sampling rate
~ nominal flow 400mL/min
Battery
~ internal battery with external 115/220V charge; 8-hours
continuous operation .
Alarms ~ 80dB audible alarm; user-programmable
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ATTACHMENT 8
Example Chromatograms
(see the two pages following)
B.Hansen Graduate Project 109 5/01
Operator :
Description : CHANNEL 2: PID
File : P0807-1.CHR
Temperature : 10DEGMIN.TEM







component: Retention Height Area
vinyl chloride 0.883 14.974 7S.0S M
cia-1 2 DCE 2.775 28.797 228.72















































Component Retention Height Area
vinyl chloride 0.891 5.137 36.32
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ATTACHMENT 9
Example Physical Hazard Abatement Strategy from a Previous Project HASP
SOIL EXCAVATIONS HAZARDS:
Hazards encountered during test pit excavations, removal of wastes during the
remedial phases, including both chemical and physical agents, and are as
follows:
Exposure to airborne contaminants released during intrusive activities.
Flammable atmospheres encountered in excavation,
Walls of excavations can cave in possibly burying or crushing workers due to
1) absence of shoring, 2) misjudgment of stability, 3) defective shoring, and/or
4) undercut sides,
Falling during access/egress or while monitoring or dismounting equipment,
or stumbling into excavation,
An overhead hazard can result from material, tools, rock, and/or soil falling
into the excavation,
Congested work area due to too many workers in a small area, and
The loading of waste into hauling trucks en route to the Secure Landfill.
HAZARD PREVENTION
Monitor for airborne contaminants. Allow test pits to purge and/or use
personal protective equipment,
Regularly inspect trenches for changing conditions. Provide adequate
shoring or sloping of sides of the excavation,
Solid rock cemented sand or gravel = 90 degrees from the horizontal
Compact angular gravel = 63 degrees 26 ft. deep max.
Compacted sharp sand
= 33 degrees 41 ft. deep max.
Rounded loose sand = 26 degrees 34 ft. deep max.
Provide ramps or ladders to allow safe access and egress from trenches,
Provide an adequate barrier around open pits. Material from pit must be
placed away from edge to prevent cave-ins and instability of pit,
To prevent overexertion, limit manual lifting and emphasize mechanical
means where practical,
Maintain ample work room between workers, and
Abiding by safe operating procedures when loading hauling trucks, to include
using hearing protection when appropriate, performing decon procedures to
ensure loaded trucks are prepared to travel on haul routes, and ensuring
loading area liner mechanisms are properly maintained.
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ATTACHMENT 10
Example SOP from a Previous Project HASP
STANDING ORDERS FOR THE ZONE OF CONTAMINATION
No smoking, chewing tobacco, eating, or drinking in this zone,
No horse play,
No matches or lighters in this zone,
Sign-in prior to entering the zone,
Sign-out subsequent to exiting the zone,
Implement the communications system and the buddy system,
Line of sight must be in position, and
Wear the appropriate level of protection as defined in the Safety Plan.
STANDING ORDERS FOR CONTAMINATION REDUCTION ZONE
No smoking, chewing tobacco, eating, or drinking in this zone,
No horse play,
No matches or lighters in this zone,
Wear the appropriate level of protection,
Dispose of all contaminated PPE in the designated red drum before
proceeding to the support zone, and
Do not proceed to the support zone with any contaminated clothing (i.e.,
gloves, coveralls, etc.).
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ATTACHMENT 11
Example Physical Hazard Abatement Strategy from the SiteM HASP
Off-Gas Collection and Treatment Activity Hazards
Physical crush/pinch hazards associated with both the manipulation and
placement of the shroud structure within the various sludge locations and the
carbon treatment units which strip air streams of emissions parameters,
The buildup of explosive gases and/or creation of atmospheres that can
support ignition within the shroud as sludge materials are solidified with
reagent or bulking agents,
The buildup of hazardous air pollutants/VOC's within the shroud in addition to
the residual off-gassing of such materials following shroud removal, both of
which present exposure concerns to Site employees, non-involved workers,
and off-site receptors,
Off-Gas Collection and Treatment Hazard Abatement
The placement and relocation of all off-gas collection equipment will be
performed in recognition of the safe and accepted means for handling and
maneuvering heavy equipment as such. This will include the utilization and
selection of the properly sized and inspected load supporting slings and
picking equipment, as well as the use of tag lines when appropriate,
The buildup of flammable/explosive atmospheres within the shroud structure
will be inhibited through the inerting of such atmospheres with nitrogen to
maintain the levels of oxygen and speciated flammable contributors to
concentrations that do not support ignition. (See section 10.2.2 for additional
information) Likewise, the continuous monitoring of oxygen to concentrations
below 6% by volume, and the continuous monitoring of methane to
concentrations below 10% of the lower explosive limit (LEL), will serve to
verify that such ignitions cannot occur, and
Personnel will donn the specified level of protection around shroud activities,
and the appropriate engineering and/or administrative control measures will
be employed to minimize receptor impacts.
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ATTACHMENT 12
Example AHA
(see the one page following)
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